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To His Royal Highneſs 
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BARON of Wockinghan, 


Lord High Admiral of ENGLAND and IRELAND, 

and of all Her Majeſty's Plantations; and Genera- 
lifſimo of all Her Majeſty's Forces, and Knight of 
the Moſt Noble Order of the GARTER. 


May it pleaſe your Royal Highneſs, 


HIS Treatiſe deſigned for 
— the uſe of the Gentlemen 
Voluntiers, on Board the 


A RO TAL 


— *. ; ab 9 * 1 . * 2 . 8 * 4 c * * 4 > of "> , * © - : PR Js " © 4 > 
- 7. * 0 — 
Ee w : A 
** w ©; 
4 od * = | 
IF P. e Ve tcatory. 


Kor 41 N AFL, now Shining in 
greateſt Luſtre, under the i 
+ Helo Conduct & of er Moſt 
N Hzgbne comes in h 
ſubmiſhve a nner, to i. * 53 ch 
Prot echion of the oreatel Patron, 
and e of Arts and 8 


* 


Tour 12. nue. . 


4 4 


v IS. yo f 


: a 1 
, % 2 
" : L : Mc 1 mble, 
* . = - 
| 
' 1 


a * 
* | , .* - ' 11 
Nen Moſt Odette, 
p | jr : | 1 * *4 9 . " * A | \ 4 


* F 
| # 
. 5 1 q * * 
. P \ BE a 
* 
* 
oy * 
a 4 6 d 
N . >. 


Moſt Devoted Ser ant, 
N ae KEV 


rn AJ GMC 4 N 
- 5 * 
| . ko 3 * 1 ' : 4 
. r. 
; ; On 
\\ ( - 1 4 1 77 
FRO * 


2 — 


— 
* n 
* I 
* a 
{44a * 
* E 
: 
: m_ 1 


1 
: $ 


N | oi” oy 
\ | ; N 
eee 
28 5 T | | ' * * | 


YT... 
14 — 1 


354i 00 
Ne 190% 10 


17 1 
1 1 1081 5 


41018 J 11910918. 


bil ieproge Nee. if end ir in Jlf word Kb 
— Fr Men when they bear of a Neu- Boot, upon 4 
10 1 that ha been. already handle by many , to 
V inquire what the Author has advanced upon it, or uheru- 
im il differs from others: And no other Anſwer ſeems requiſite, but 
that a afber's 7 4 companyof Beg? 77 ; goa — fo 
much as an Aitempt 0 ding the 2 of any one individual 
thing : "This contains the whole in a Natural Order; and every 
thing is fairly deduced from the firſt and moſt ſimple Principles 
of the Mathematicks. | 


How beneficial a Treatiſe | of this N. ature, wherein every thing 
is naturally inferr'd from the Depths of Geometry, may be to Toung 


beginners, and bow much the want of it, may have contributed to that 


reat Ignorance which now reigns amongſt the generality of the Engliſh 
Siilors. is well known to the Skilful World, inſomuch, that I thought 


I could not at this time, do a thing more acceptable to my Country. 
Me 


51110. fen 

> 1 1 

380114 Uns 
0 f '4 | 


win} 4 I. 


7 than to employ ſome part of my time in Compoſing ſuch a piece; 


| . 
as if throughly underſtood, will undoubtedly give them the cleareſt 


Light , and lead them into a perfett Knowledge of one of the 20 
advantagious Parts of the Mathematicks. 
When I reflected upon the Uſefulneſs of Navigation, When I 


conſider d it as that which probably gave Men the firſt occafion to 
Conſult the Motions of the Heavenly Bodies; and has ſince been the 


principal Cauſe f their farther Enquiries , When I conſider d it 
as the chief Support of the Wealth and Grandeur of this Nation : 
1 could not but be ſurpriz*d, to find in the Books now moſt 
in Vogue, this Subject treated in ſo rude and undigeſted a manner, 
as if its Laws had been deliper'd down to the Authors by Tradition, 
and it bud been an unpardonable Preſumption in them, to make 
any Enquiry into their Original. 


A 2 To 


aan 


THE PREFACE 


roars AS As Yar Ch wy 8 "FP FEE EE 

" _ To prevent. the. il! Can e tar ind eb OP RE 

r and to tet the laduſtribus Sallur ze that bert it H mich 

the following Treatiſe bas ph \ which'Iw:27 the mbre” Htlin* 
2 fly, 


10 de, toben I conjider'd that I fly: e f her rtr Ocnero- 
fay, and Earneſt Defire io ſee Art? und Sciences Flourgfh'in this 
Potent I land, bas. ſo largely Contributed towards" the” Education of 
ſuch Toung Gentlemen, gpho ſhall Votamariy offer thenifelves for 25 
eat, of their. Country, forwbom' this Fra was principally rnent- 
ede And I am ſatisfied, that if their Taftricors would hut make uſe 
of ſome _fuch Mel hod as this, the N of ENGLA ND 
e ee e 
"The Methods of Teaching 7 Rules only, has been ſo univerſally 
Pradis'd, and has got ſuch a Head, that the Poiſon has infetted TIE 
the whole Roſe df ngliſh Sailors: But ſure Ian, that if once they 
do but apply themfetves to ſearch into the Reaſons of what they 
have thus Learnd, the S 4 ores will be ſo great, that ibey 
will for ever after be uncaſie with themſelves, that they did not 
begin it ſooner, | ig | 5 
Ihbere is not fo.vaſt a Diſproportion in the Apprebenſions of Men, 
but that what is attain d by one of a Quicker Capacity, may by a more 
Sedulous Application be comprebended by another; and fince the 
r Mathematical. Knowledge are as ſimple and plain as can 
be, no doubt, but our Sailors, (who are eaſily taught to Read, Writ, 
and perform the Ordinary Operations of Arithmetick ) if well Inſtrutte 
in the Reaſons, inſtead of their Rules and Canons; would take much 
more Delight in them, retain them better, and make much greater 
| 2 in Geography, Navigation and Aſtronomy, than now 
4 nn en 88 
I - ot To. Encourage them in the Proſecution of this Method, I have begun 
| with 19 Select Propoſitions, Extracfed out of the 1ſt, zd, 4th, and 
6th. Books. of Euclid's Elements, after the Method I Learn'd at Her 
Majeſties Obſervatory ;, by the help of which, Thave ſhewn at large, 
tbe Conſtruftion of the Tables of Natural Sines, Tangents and Secants, 
and their uſe in the Reſolution of the ſeveral Gaſes of Right and 
Oblique Angled Plain Triangles, not fo much by Axioms, as from 
(Prenceaier defory ANTE = Ent . any” 
And here I muſt take leave to tell thoſe Gentlemen, who may blame 
ne for inſiſting ſo long upon the Calculation of Tables already made 
.,with great Care and Acuracy, that befides the advantage of Correfting | 


(with 


© 


. 


3 THE PREFACE. 
(mith:\Zudgment ): ſuch Errors. as may bave crept into the Printed 
Eduzons. . _ the Uſer that. attend 875 K . 3. its wmpoſ- 
foble for any to and either Plain or Spherical Trigonometry 2, 
* ought 19. * — 4 perſed Knowledge of their Nature and 
onſtraion; which name can well do, till they. haue been at the Pains 
19 Compute ſome. fem of then, 


4 Ian very well affured from 4 


17am of Experience. 2 n 
In the Second Part, I bave E to ſhew the Application of Plain 


Trigonometry, o NAVI GAT ILO N; beginning with ſome 
uſeful Definnions, and Explications. by way of Introduction; that ſo 
th, 70 udent, may proceed with all the Securuy and Advantage poſſible. 
I bave given the Solution of . the ſix * of Plain Sailing, with 
ſome Inſtances of. their Uſe , together with one Univerſal Traverſe, 
including all the Uſeful Varieties that may happen in any Caſe. 
. After ibu, follows a Table, - ſhewing the Difference of Latitude 
and Departure, to every Degree, Point, and Quarter Point of the 
Compaſs; very uſeſul for. the. ready Working of. Traverſes, tober 
Time or Occaſion will not permit to make uſe of the Tables of Logs 
rithms, Sines and Tangents. Brody on Pink. 
In the Oblique Sailing, 1heve choſen ſuch Problems only, as may 
be of uſe to the Ingenious Seaman ; and in the bufineſs of Currents, 
have ſhewn him the Reaſons of the ſeveral Proceſſes from the Eſta» 
/ ROO ol wpages<c 
In the next place, is ſhewn the Conſirudion and uſe of the Plain 
Chart, how to reſolve all the Problems concerning it; viz. the prick- 
ing down of a Place from any Poles Data, and the contrary; which 
i Inſerted here, nos ſo much for its great uſe, ( ſince its grounded 
upon a falſe Principle) as to _ſatisfie ſome People, who never think 
a Work of this Nature perfett without it. 
After this, follows the Solution of the Caſes of Sailing ander s 
Parallel; whence is deduced a Table for determining the Miles an- 
ſwering to a Degree of Longitude, under any given parallel of Lati- 
tude ; and the Solution of. all the Problems of Mercators Sailing by 
the middle Latitude, two ſeveral ways; whereby the Curious may he 
ſatisfied bow far he may depend upon it: And to aliſt him the more 
in this, I have given the Solution of a Traverſe, in which the Diffe- 
rence of Longitude has been Inveſtigated from every particular Courſe 
and Diſtance; as well as. from the whole Difference of Latitude and 
Departure: From tobence * Conſequences are drawn, as may be 
of great aſe. 10 Fortiſy the Students Judement. x 


( 


* ©. 


d 


 THB PREFAC R. 
Bat fine all \tbe helps nec I baue fhewn it In 


Peton ge, the 
- Defetts of the Plain Chart, and enguir d into the Nature oy er- 
I 5 a | | {> oa i Wit 12. * 
ties Mibe True Chart, commonty cal d Mercators; in which I hade 
been very plain and particular, in Denonſtruting the et a; 
in ſhewing the ſeveral Advances thut have bern made in order to its 
Perfetion: And in drawing jromi4be'Printiples;' feveral Methode 
for The, Conftruition of the Tubles ef Meridional'Parts, which 6ught 
to be. tbroughly and perfeftly underſtood. oo | 
From hence, I have gone on to' ſhew the uſe' of the Meridional 
Parts, in the Solution of all the Problems of Sailing'; and to gratifie 
the Induſtrious, have giuan the Solutions of the ſame Problems, from 
the Principles before Eſtabliſtoꝰd; by the help of the Artificial or Loga- 


rithmetick Tangents only. X 

And that nothing might be wanting, I have ſhewn at large, the 
Conftruftion of the Mercators Projection, (of great uſe for Laying 
down of Countrys and Sea-Coaſts, and for the tracing out of Voyages). 
47 alſo the Methods far the Pricking down of Places from-any polſible 
Data; and 10 find the Bearing, Difference of Latitude, Longit ude, &c 
of any two or more places in the Chart. | 4 
I the third Part, are the Laws of Stereographic Projection, 
laid doton and Demonſtrated, in a much more eaſie and ſimple 
manner than igſaal; with their Application to the Geometrical 
Conſtruction of the Caſes” of Right and Oblique Angled Spheri- 
cal Triangles; which having more of Curioſity in them than of 
uſe, are placed in à Section by themſelves, to ſeparate them from 
that more uſeful Part, Viz. the Solutions of the lame Caſes by Calcu- 
lation: In the Inveſtigation of which, I have been very particular; 
and traced every thing from its firſt Principles, and choſe rather 
to deduce the Proportions, after the manner uſed by Gellibrand, 
Caſwel, &c. than by the Lord Napier's Theorem; which was con- 
iriv'd on purpoſe, to Inflirutt ſuch unthinking People, as were not 
Capable Wd or at leaſt would not 7 themfelves the trouble of 
Learning the other and more preferable Methods. 

This in the 4th and laſt Part, is . to the attual Solution of 
ſuch Problems az ariſe from the Diurnal Motion of the Sun, or 
Rotation of the Earth about her Axis; which are all ranged in 
proper Order, and ought to od wi tek underſtood. 

To which are added New Tables of the Suns Place, Declination, 
Right Aſcenſion, Calculated from the Neweſt Solar Tables, for 
abe Tears 1795, 1706, 1707, 1708, with Tables of their Variations, 

Ee 


THE PREFAC E. 
to make them . ſerve for 20 Tears: ro come; and a ſmall Catalogue of 
30 Eminent Fixed Store, all deduced from Obſervations made at 
Her Majeſties Obſervatory at Greenwich, where I had the api. 
neſs to have my Educat ig YO I 
The Rules for finding the Hour of 1 and Night, Ampli- 

tudes and Azimuths of the Sun or Stats, and thence the Vartation of. 
the Needle; a//othe Merhods for determining the Latitude of Places 
or Heights ot the Pole, by the Meridional Altitude or Zenith Diſtan- 
ces of the Sun or Stars, have been fully deliver d; and in ſuch a nan- 
ner, as I believe will be eaſily underſtood. ; a 

Laſtly, is added a Table of: the Latitudes and Longitudes of about 
150 Places. of Note, deduced from, and Confirm'd by Celeſtial 
Obſervations z which may be of great uſe to the $kilful Mariner, 
and ſhall be augmented, as often as Opportunity ſhall offer. 


And now nothing more need to be . ſaid, than that tho thig Book 
was begun when I bad. ſome Leiſure upon my ds ; yer it bas” 
been carried on, and compleated in the midſt of a continued Hurry 
0 1 1.5 and Interruptions : So that I dont in the leaſt yoo, 

ut the Candid Reader, will make ſuch allowances for the Faults . 
of the Preſs, as have unavaidably cſcapd me through my Daily 
Avocations; and which will be Grateſully recery'd from any, who wilt 
but give themſelves the trouble to Inform me. tas.) 
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Geomerrcal Definitions 
PART I SECT-1L / 


H E Subject of Geometry, is Magnitude or ate 
le. its Buſineſs to diſcover the Nature and 
Properties of thoſe about which it is employed, in or- 
der to find out the Proportion that they have to each 
ber that ſo from the Knowledge of one, we may be led to the 

Knowledge of the other, according to Quantity. 

- Magnirudes are of three kinds, vis. Lines; Superficies, and Solids. 
2. A Solid, is that which hath Length, Breadth, and Depth or 
Thickneſs ;' its Limits or Boundaries, are re lid Superficies, 0 that 


. A Supe perfict res, - hath Length and an without Thickneſs ; 
the Limits of which are Lines 


4. And if it lie equally betwixt its Lines, tis called a Plain, Su- 


perficies. 


5 4 Like then hath only Length, and is boutided by Points; 


' fo chat 

5. 14 Fam au beau ir incapable of being divid 
therefore hath no Parts. L t eee 1 * 
W 701. 2 ace 4 a. N 

1 1* 1 1 Fi 1 JR} 

7. "A Rig if 4 917 go29! 
lies equ 1 4 or . — Trat e 
— — ai 221 Of dun cr. £15!) ot hw 

29707. 
8. A Cerved ur Arch Line, dots hot lie e 

ally, but dendech evenly ber deen its extream Cc d 

_ d ws ey "if LE Saget eqn 
e 

K A Adee Lin; 4s Pray ſtreigit and 
Ee 25 ] „ K ee 


4 2 
* 1 1 


2 a a * : 
' * * — 


8 Geomitrical Definitions. 
" B89 —b 16. Two Lines are ſaid to be Parallel, when 
8 d 255 infinitely produced, will not meet, as 


8 ; 11. 4 Cirile, is a plain Superficies bounded 
| by, or Fong under one Line called the 
ren 


a — * umference; unto which all Lines drawn 
1 fe from one Point within ws Figure, are equal, 


aSabede 


- . - 


2 2. And that Point is called the Center, as e 

13. And the Lines ſo drawn, are called che Radii, as à e or de 
And if the Radii are continued through to the oppoſite ry vol 

Fr owed nes they are called Diameters, as 4 c or b 4 | 


549% 

N. B. That the Circumference of every Circle, "whetlier 7050 or 

- ſmall, is by Mathematicians divided into 260 equal Parts, cal- 

|. Degrees, every Degree into 60 equal Parts, called Minutes, 

and every Minute into 60 Parts, called Seconds, Ec.. So. that 

the Arch of the Semi-circle contains 180 . _ the dun- 
dtant is equal to do hecges. 1; d wilups sil 


| en ' | T5... A Plain Angle, is the Inclicatin of 

8 right Lines, the one to the other, both 

e in the ſame Plain, but not both i in ar | 
me ftreight Line, as 2e Stor 


N. B. Seei 1 meaſured and eſtimated by Arches of 
Circles deſcribed N their angular Points, and intercepted be- 
tween the Lines which form the Angles,” every Angle is ſaid to 

J be. greater or leſs than another, accord in to the Proportion 
which the faid Arch hath to the Circumference of the ſame. 
Circle, 

Ales are either 7 Right; Obtuſe or Acute. 

/ 15§866. Whema right Line, as ab, fa ſtands 

5 another right, c d, as to make the An- 
on each ſide of it, 4 bd and abc equal to 

1 other, them are thoſe eq ual Angles called 

4” Right Angles v and the The ah a Perpendicu. 

AP lar to cd | 17. An 


Ae 5 
= ; ' 


Geometrical Deen 


17. An Obtuſe Angie, is greater than a Right Angle, as e h 


18. And an Acute Angle, is leſs than a Right Angie, 4 


19. A Plain Triangle, is bounded by three 
right Lines. 

Triangles, in reſpe& of their Sides, are 
either 


20. Equilateral, which have all their Sides 


equal, as the Triangle A, or 


21. Equicrural, which have only two Sides 


equal, as the Triangle B, 0 
22. negualſide which _ all their 
Sides unequal, as the Tri 


an 
But : Triangles, in lock of of their Angles, 
are either 


23. Right Angled, as the Triangle D, which 


hath one right Angle; or 


24. Obtuſe Angled, ſuch as have one Angle 


obtuſe; as the Triangle E; or 


25. Acute Angled, which have all their 
Angles : acute, as — ane F 


+26. Tuo Tries . 284 8 C and abe, are 


Bil hobo Sn when er 


the one are equal to the reſpective Angles of 
the other, i. e. the Angle A BC equal to abc. 
and BC A equal to bc A, and #f gu 


to Ac. 


Quadrilateral or Four ii ded Figures, | are ciher | 
| a, A Square, which hath all its Sides e- 
0 


and its Angles right, as 24 or 


y 


28. A Rhombus, which. hath equal Sits, | 


er OEONgAY SIPs or BS x, 
„ 


271. 
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C * real Defi * 3 | | , 
229. An Oblong: or Fong Square, whoſe op- 
' - polit Sides. are 2 and its Angles right, 

aS F; Or 


20. A Rhomboides or Parallelogram, whoſe 
oppoſite Sides are 7 6c and equal; but its 


Angles not right, as Q; or 


31. A Trapegium, which hath all its Sides 
and Angles unequal, as R | 


22. Four Numbers; Lines or Quantities, are 
ſaid to be proportionable. when the firſt as oft 
contains, or is contained in the ſecond, as the 
Aer omen third contains, or is contained in the fourth, 


Cc. 
As the four Le ABCD, if the firſt be twice the ſecbnd. and 
the third twice the fourth, then the Lines 4 b CD are propor- 
tionable by the Definition. 


An Explention of hae Lis S; ene * we | Bolt have Nandi 83 
uſe of hereafter. 


Hen this Sign A is laced between two mas it fon 
y y fies that the der is to be added to the latter. 


Mu, this Sign — mae rde e i5 to be taken from 
the former. | £9293 wie, ne. $0 01 5th 
When- this Sign x it bynites that the two Quantities are co be 
multiplied together. 5 15975 
When this Sign = it ſignifies that they egal. A nn 
Four Quantities thus expreſſed, 4: b::c:d are thus to be read, 48 
(that is, in proportion) to h, ſo is c to 4 . 


281171 e r e KN 


to i 


ed 5"s e 


"WE — x. Hings equal to the A 0 or to ED 
TI things, are equal one to the other. | 


A 
| 
+ 


2 1 3 70 bi bude NHK d A 38 
Wo 1 If the Line A be equal to cheilline By: and 
9 n D 46g to the Line B or to C equal 


8 to 
* $ . 


Axionms. 5 
to B, then by the Force of this Axiom the n 


| Line A ſhall be equal to the Line D 

2. Things double, triple or quadruple to A . 
the ſame, or dane things, are ops one to 2 
another. 2 5 | , FaX===T pd _ 
ak abr roger e 
H (double) 
I the Line A be 4 triple 55 the Line B, 

Mt _ uadraple F | 
ouble 7 

and the Line D ae = 5 ofthe Line Bor of Cequl d 

uadruple 

then the Lines A | D are equal.” 


„ 


3. Thin which are 3, E or 3, c. of the de A 
Ge or * 1 FO Sos the one to 3 


the geber. ee (m A. 
150 Pr» 1810129 
If the Line 4 be 3 of the Line B, n: „ , e 
Segen SNL X 4 1 tt 7 1) — + av! SA! 174 Dl * * | 
* 144 07 
and the Line D be 7 4 of the Line B, or of C, equal to 8 0 
1 A2 b 1 
T 0 Ss „ 0 ell: 
then the Lines 4 and D are equal. 
ft If to equal things : the fame or equal a - i 
things g ae Guſt, ee | 
Remain fs 
I i n iq Til Ein, GC N= — C 
»A! E tm „n nt. 1 A i 1 , 
B = — 


the Lines 4 and B, equak tö _—_\.c 
1500 equ 2 8 


each other, Sun git ⁰. or 


ſubſtrict Jedchlotfier d V 1 918 1191.3 
they the Lines C ad BD Will be equal. 


you Judd © ae dal te BYERS - A. 5 


5. Things 


6 Axiome. 
5. Things which fit or agree the one with the other; are alſo 


ual. 
6: The whole is greater than its part, and equal to all its parts 


taken together. 
If the firſt as much exceed the ſecond, 
hows 28 * third wants of the ſecond, then the 
"ow of the firſt and third ſhall be double of 
the ſecond. 


If the Line A of 12 parts exceed the Line 
B of 9 parts by 3, and the Line C of 6 
pr wants 3 parts of B, the Sum of the 
A and C, viz; 18, ſhall be equal 
da twice the Line B of 9 parts. 
8. Ifa right Line A B falling on two right 
Lines A D, 1 B, make the internal Angles on 
the ſame fide BA D, A BC leſs than two right 
Angles, thoſe two right Lines produced ſhall 
meet on that fide, where the aan _ 
than two right Angles. 
9. Proportionals, which are proportional to the ſame, are pro- 
ration the one to the other. 
If it be as a:b::c:d::mn | 
it ſhall be as 4: : : 2 
10. One and the ſame Magnitude will babe th ſame er 
to 908. 5 . 
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8 55 | 5 HE right Line D Falling upon the right 
4 Line A C, makes the — ABD and 
ee DB either both richt Angles, or both equal 
1 to two right e ＋ Te 181 
—C om B perpendic ar to AG! 
t Ho B. both right:.by-D&3b&461% L 
2. If Brbg not perpendic to A C25! 


let 


- 
'4 1 3 


2} 


Theorems. 
let MB be perpendicular to A C. 


then will the Angles AB D and DBCbe 
equal to two right-Angles by. Ax. the 7th 7. e. d. 


2 


Corollaries. | Whence it follows, 


I. That if one Angle be tight, the other ſhall be right. 
2. If one be obtuſe, the other ſhall be acute. 
3. If ſeveral Lines meet together at the ſame Point, and on n the 


ſame Side of any ſtreight _ all the Angles formed by them are 
only T I to two right A 


the Angles ov, gt the meeting topether of vera Lines 


at the lame Point, are equal to four right Angles. 


Propoſition II. Theorem II. | 


T* two right Lines AC and DM interſect 

1 each other in the Point B, the oppoſite * D 

1 14 ABD and MBC, or PBC and BM, | 
ual to each other; for the Angles 4 \ 

ABD BCS DBC NMB C, by Theo. AIC 

the 1ſt, take away fron each. the Angle DBC, I /, 

and there will remain the Angles ABD='- 273 ; X 

MBC, by Ax. the 41h. After the ſame man- | 


ner it may be proved, that the 1 7-10 DBC and A BM are equi 
to each other. | 


Corol. If the oppoſite Angles ABMand DBC ar abe eqn then lb 
MD and AC be freight Lines, * = | eq 1 al 


Bf 1 JIOLHIRL TN 


[Ty 354 2512 545 8 
Propoſition in. Theorem III. 


Nei 


| 1971 4110 991 75 "Þ 1 
: a e e ht Line 4B ſhall a RE oY un Ws WIE 
t Lines CD and MN, it will * 2 
make Os —— Angles COP and OPN e- , | : 
_ to each other, alſo the outward Angle —— — 
0 neee eee be qr: 
„ eng af 10 Oe © Hh, 11 


N | I . 
4 - . S er W o #717 : " 4 { 
JA tt 12 art; 10 Tf, w 2 . 1 4 , ſ ” is * * 1 * 


Ti WM 
Demonſtration." '- | 

1. For the Angles COP MF = MFO-LOPN. by 45 the TY 
. away from * the Angle MO, and there will remain the 
Angle COP OPN, by Ax. the 47h. 5 

2. Again, the Angle AOD==COP,; by Theo. the d. 
and COP—OPN. by the former part of the Theorem | 
wherefore AOD= 01 by Ax. the ft. 2. 6. a: 130318 
rad bar 1g x dba. WS 

Grotl.” \ Hence: it follows,” gent as 9 

1. That if : a right Link interſecting two other Lives; | Hoke the 
x ky Angles equal to each other, then are der tro Lines pa- 
ralle 

2. That the oppoſite 71 of a kalen are _ 


ON 944 1 1c 
N «IV. Theorem wv. 
Tan M bug 3222 

JF one Side AB of 4 Trian Ae ABC 6 
; ' dnced, the outward Angle CBD will be 
＋ equal ta the awo imward Adeegpoſte Ales 
_ 4 a 0 and all the three Angles A, & and 
lel-to' AC: Sal Sn ems? I 7. Profs br: 
Then will the Angle at Az=MBD- by Theo. the 34. 21 bb 
Alſo the Angle: at C CBM by Thoo.'the >. {2701 itt 21 224 
Wherefore the Angles A+C=MBD--CBM by Ax. pan . 
Bur;the Angles MBD-j-CBM=CBD- by dr de ch. e 
Wherefore the Angles A-+C=CBD by Ax. the ff. Se. de, 

2. Again, the Angles ABC CBD= wo right by 7 Theo. the 1/7. 


lanes + 2 the Angle Af dc qo right dyke! 1/2. q.e.d. 


* 


* 


44 3ꝓ* 144 * 1 


Coroll. Whence it follows, 
1. That the outward Angle is greater than either of the 41 


N 


and o poſite. ro on mi iid BA ant flit 5 4 
1 the three Angles of AU Triangle taken "together?" are 
82 1 the three Angles! ve any other Triangle -taken Bn 
Vheretore an 
3. If two Triangles have. onciidaghe ok the one equal to one 
gle of the 2 
one hu Ab 


er, then ſhall the Sum of the remaining Angles 0 


o the Sum of the remaining Angles of the other. Al: 
0 


Theorems. 5 


ſo if in one Triangle two Angles (taken ſeverally or together) are 
equal to two Angles. of another Triangle, (taken Sperl or toge- 


then is the remaining Angle of the one equal to the remaining Angle of 


the other. 
4. If one Angle of a Triangle be right, the other two fhall be e- 
qual to one right; likewiſe that Angle in a Triangle, which is equal 
to ky e Lu two, is it {elf a right Angle. 
two Angles of 4 Triangle are known, the third is alſo 
83833 and becaule in a right · angled Triangle one Angle is right, 
if one e of the acute Angles be known, the other is alſo known, 


Propoſition V. Theorem V. 


F two Triangles BAC and MNO hive: two. 
Sides, and => contained Angle of the one ae 
| = to two Sides, and the conta ined 2720 B Ito 


the other that is. | — 
If AB=MN, and AC NO, and the e „ E 
AN, | b 
Bale BC | 1 MO 
then ſhall the J Angle Be be equal to the < Angle M 
Angle C Angle O 


and the e Triangle WAG equal to the Triangle MN O. 


Dae beine | 
Becauſe AB and NM are of an equal Length, if the Line AB be 
laid upon the Line NM, ſo as the Point B may fall upon the Point 
M, the Point A will fall upon the Point N; * becauſe the Angle 
at A is re to the Angle at N, the Line AC will fall upon the Line 
NO, and the Point C upon the Point O, and the Line BC upon the 
Line MO, wherefore by Ax. the 5th. the Triangles BAC and MNO 


are equal, and conſequently the e Parts of the one 2 to 


the reſpettive Parts of the other. 


Coroll. | 
1. If the three Sides of one Triangle be equal to the three reſpe- 
Wherefore of another Triangle, then are thoſe two ——_— equal. 

” SHED 
C 2. The 


* 


10 Theoremt. 


2. The Diagonal of every Parallelogram divides the Parallelog 
into two Fri to each other; and therefore each o the 
_ Parallel te * he Ine Baſe and Heir h Triangl 

arallelogram of the ſame Baſe and Height wit 2 e, 
mall be double the Triangle. : 


Propoſition VI. Theorem VI. 


F — Sides AB and BC of a Triangle ABC 
ual to each other, then ſhall” the An- 


gl! BCA and BAC, e to thoſe equal 
1 Sides, be alſo equal. att 5 


Conſtruction. 
Let BD cut the Baſe equally in D, 
ne 
then is AB t opoſiti 
and AD=DC by 3 
Wherefore the Triangle ABD ſhall be equal to the T angie BDC, 
er the Triang equal to the Fr 

by the 1/2 Cor. of the 5th Theo. 
and the Angle BAC equal to the Angle BCA, 9. e. d. 


Coroll. 
I. If in a Triang le there be two Angl es equal to each other, then 
ſhall the Sides fabrendin thoſe equal 3 be alſo equal. 

2. If the Baſe of an Equicrural T riangle be biſected by a Line, 
that Line ſhall alſo biſe& the Angle — to the Baſe, and ſhall 
be it ſelf a Perpendicular to the Baſe. 

3. Alſo hence it follows, that every Equilateral Triangle is alſo 
Equlangulas ; and wy Equiangular Triangle | is alfo Equilateral. 


Pro poſit tion VII. Theorem VII. 


HE greatet Angle of every Tri 6 is 
E ſite to the greateſt Side. angle, 
: . Wy s be equal to CB, and join BD, | 
| HN, Becauſe CD=CB by Conſtruction. | 
A c The Angle CDB= CBD by Thea. 6th. | 
| D But CDB is greater than CAB by the I/ Cor. 


of the 4th Theo. Wherefore 


Theorems. 11 


Wherefore CBD is than C. on a 
And conſequently CBA greater than "AB by Ax. the 6th. 8 e. d. 


After the ſame manner it may be TY that the So ABC is 
greater than ACB. 


Coroll. 


1. The greateſt Side of every Triangle, i is ; oppoſite + to the great- 
eſt Angle. 


Propoſition VIII. Theorem VII. 


Line DM drawn from the extream Point 
of the Diameter AB of a Circle CAN BP 


perpendicular ro the ſaid Diameter, ſhall tall 
without the Circle. 


Conſtruction. ; 


PH A. Ku 


From the Center C to any Point H in the 
right Line AC, draw the right Line CH. 


1.4 * Ala, 
_ 4 L 
* 2 


Demonſtration. * 


The Side ct ſubtending the right An e, is greater than the Side 
CA, which is oppoſite to the acute Angle by eo. the 7th. There- 
fore whereas CA=CQreaches to the Circumference, CH fhall reach 
farther, and ſo the Point H; and for the ſame Reaſon any other 
Point of the Line och is — en che Circle 7 e. 


Corroll. 


1. Hence a right Line drawn from the Extremity 


of a Circle, and at tight. Angles to ir; is a Tangen 
Circle. 


r to The 
2. If any A Line touch a Circle, and from the Center 
Point of, EN a fight Line de dra wn, at Line ſhall be p 


150 ahi 
cular to the Tangent. FG SK 


denen t Adu he 61h, i. Niles NY 50 
K 


Point Q a right Line be drawn 1 to the Tangent 
C 2 4. Wherefore 


[7 a>, . 
"the the Dia 


be biſected by the Diameter B 


= T beoremt. 
4. Wherefore the Segments of the Circumferencs cut off by the 
P. and Diameter, are equal. 


F. Hence all Lines drawn within th the Circle varalled to the Tan- 
gent, 8 biſed ed by the Diameter paſſing through the Point of 
nta 
6. Wherefore if a Line be drawn anywiſe within the Circle, and 
1 the middle of it, and at right Angles another Line be gy: 
that Line ſhall paſs * the Center. 


Se IX. Theorem IR. 


1 N : a Circle DARC. the ag le BDC at the 
Center is double of the * BAC at the 


Circumference ſtanding * the ſame Arch 
BC of the Circle. | 


Caſe Es 

If one of the Lines AB paſs through the Cen 
ter, 
Demonſtration. 

Then the the Angle BDC=DAC-TDCA by * 
r S Ab. | 
Bi DAC=DCA by Theo. the 6th. 1 
| Wherefore D DAC 5 e. A 81 1 2105 


Caſe ir 
If neither — r the Cline 


11 19:0) -  Coriftruion.. A 93H . 


| Thenlet the Diameter AE be dab 55 


1 2 Eee dns M: 
Thani EDC=2EACE w Caſe the 1 11 1; 22 
wee Ec and by ae 76% 


: 9 


q N eo go 
16 — 454 135 Ax. the Wh. ee c 
BAC and BDC in the Circumference, ſtand- 

ing upon the ſame or +. e Arches of * Per- 

Phery, are equal. 5 0. 9 


2. Hence and Gen LD the 9 the 1 8 


BAC in a Semicircle, is 2 OM Angle. 
Wherefore, © Nba; 


3. The Angle HAF in a Segment, greater 
FS A Semicircle, 1s acute. | | 


4. The Angle DAE in in 2 Segment leſs chan 
2 Semiciel is obtuſe. 


Propoſition X. Theorem X. 


Pg ABCD and MBCN ſtand- A. 
ing upon the ſame Baſe BC, and be- 


twixt the ſame Parallels AN and BC, are 
equal one to anothe.. | 


Demonſtration. 
For AD=BC=MN 8575 the 30th. 


Wherefore AD MN by Ax. the 1ſt. 
Add to each DM DM 
Then will AM=DN by A0 the 4b. 


But AB EDC the 3 
And the A Wade LA Ne by Theo. the 4 N 


Whetefore ü the Triangle MAB=NDC by Theo. the 5th. 
Take away from each the Triangle DPM. common to both, . - 
And thee remains the Trapezium ADPB=MNCP by Ax: the 05 | 
Add to each the Triangle BBC BC common to both. 

Then will the Parallelog, ö by Ax. the 4th, 9. e. d 


Coroll. All: 211 a 1 210 LAGS — 8 kl 34! A 2 5 * 5 


Hence t fol Pateltel 
11 . —_ 
lame Parallels, are equal to ach s other. 


Ws . 
04 ff 
41 4 


— 
. / 
- 1 
14 ws t 1 N 


For the Parallelograms ABFE and CDHG having equal Baſes EF 
and GH, — equal to the Farallelogram C DF, "and therefore 
equal to each other by Ax. the 1. © © 
2. Hence Triangles ſtanding upon the ſame, or nhl Baſes; and 
betwixt rhe ſame Parallels, are equal to each other; and the con- 
trary, for they are the Halves of the equal circumſcribing Parallelo- 
grams of the {ame Baſe and Height; 0 therefore equal. to each o- 
ther by Ax. the 34. f 
3 we are taught how to find the Area of any Parallels: 
* for fince the Area of a right angled Parallelogram is made by 
e Ls "way of NMultiplication of any two contiguous Sides one in- 
d Another, the Mea of any other Parallelogram ſhalt be made by 
che Multiplicà ion of the Baſe into the perpendicular Height. 
Hence ab are taught how to find the Area of any Triangle; 
| for the Triangle is : of the circumſcribing Paralletogram, the 
Area thereof ſhall — made by. the Multiplication of the Baſe into + 
the perpendicular Height, or + the Baſe into the whole Height, or 
| + the Frodut of the . * 
2 gen are t howto any right · li 
? ure ; de Sy into Triangles,. by drawing ons l 
BR to Trends, the Summ of the Areas of all h the Triangle 
ſhall be the Area of the Figure by Ax. the 61h. Þ | 


Propoſition XI. Theorem XI. 


N right-angled Triangles: BACs. _ 
h Sq Square e mae of. — Side 
ubtending the right Angle, is to 
both the Squares BG, CH, Wen — 
o Ache Sides AB, AG, containing the: right 
Angle. 7.3 09 F: — Cl 11 913111 51 


1. 5.1080 0! bLA 
* AE D, d let A parallel 
Joi to CE. and AD, and le 4 ay 


The Angle DBC=FBA being right, Aw} 


Ry to each / =ABC.;; 3 SH_.\\ 
; Then mil ill an FC iy d ban 
wor I DB= 1 by Di. thi the 151 54 945 1g} 


There 


1 r5- 
Therefor the . ABD=FBC by Theo. the 516. h 
; arall =2 
And - the Square: Be Be by the 30 Croll of the 51b Tres 
Wherefore the Patallelog. BM=BG by Ax. the 1 


. 
By the ſame way of arguing it will be proved, that the Parallelog. 
CMC N. K 


Wberefore the Square, i =BG4CH by Agr the ul. 
cool 


1. Hence, if two Sides of a right · angled Triangle are given, the 
third may eaſily be found. WP 4 


2. Hence alſo we are taught how to find the Dior : two 
Squares, or the Summ of oF given W of Squares. 


7 — — — 


Propoſition XII. Theorem XII. 


Arattelograms AG, AH, At, AK, whoſe . 22 
— old are double, treble, quadrux e, ET. 
to each other, ſtanding bettwixt the ame Pa- 


rallels, are alſo double, treble, cle Ce. 
to each other. 5 


Demonftritith. * r 
For becauſe FG=GH=HI=IK by the Propoſes. 8 Þ 


Therefore the Parallelog. AG=B the Nei by . 5 


1. Theo. to. 


1 Bo HE GTR 
Aka 2 is is the Fasdlldeg A 1089 58 10 
| Again HFI l= 2FG * 
And ſo is the Parallelag Al=AH-+-Clz by Ax. the 41 = 
Anas the Parity 18 A 
Wherefore, Cc. G. 1 


1. Hence and from Def. the” kl * Befr. 


of the ſame Height, are in Proportion as their Baſes. 
nds,” if their Baſes are equal, they are in propottion, 48 their 
Heights. 


| es of he fir 
. th: Baſes 8 e Baſes af ate 15 2, * 


16 Put Theorems. 


4. Hence we are taught how te divide Triangles in any given 5 
Proportion, by Lines drawn from gny-Angle * ig. by dividi 
the Side oppoſite” ro the Angle in the fame Proportion; for t 


Lines drawn from 4 To een ths . e ſhall divide 
it accordingly. TS: 5 4 


Werra X11,” Theorem XII. | 


IF to one Side of a Triangle ABC be Aren 

a- parallel right Line MN, the fame ſhall 
cut the Sides br the Triangle proportionally ; 
Lp 10 that is, if MN, and BC be parallel, it ſliall be 
AM: MB: AN: NC. 


ag Yr nſirutt *. EY n ** 29 
Let Arbe . GH 491 


Demon 77 f. 


. The, 6 2 fes 0 


516: 2 n 
: N 2h 35:10 5-59 05 
ence -e 9 2 ow to cut Lines in any proportion, and 
885 B two Lines to find a third, or Dow. ke to tu nd a Vaud 


in a direct Proportion Geomerrically._. . 01. f oils 21012127 


N 2 ay menen XIV., 


= 
Dire! Faq 4 


ed l Triangles 4 ABC 
* 4 N, che Ades are proportional, 


are about f the equal; Angles. 


Conſtrution. », not! bu nh F 
EEE C0 * ons Nein neee 
let BA and ON be Er till they meet, an; l 


| Demonſtration. - ah ma fol 
| 
| 
| 


Becauſe the le B=NCO and =CON. / the Erb. 3 
Ther 80 54 N are parallel by Goole 1h Theo 3s . « 
Alſo AC and Mo by the e. 


Har | 


P #, Wc 


2 S ee the 4h 0 H ue! 
And therefore AB: (AM NC: 
And D. e e 
ma dir me to 
be AC::NC:NO. 


Coroll. 1 
1. Hence, if che reſpective Sides 
W's thoſe Triangles are Similar. 


Propoſition XV. Theore 
Qual Parallelograms having one Angle, 


ABC equal to one EBG, have the Sides 
= the equal — reciprocally proporti- 


——_ + eo. cows 7 


LEST DN IS - 


of two Triangles are proportio- 


 - Confirullion. 
* and BG about the equal Angles, make one right 
adus CB-and BE hal do the fume by Corll 1. Theo. 2. 
| Demonſtration. 


Becauſe it is AB : BG : : DB : BH by Caroll. 1. Theo. 15. 
Mr BH 8 e | 


f + 2807 a 


And as BF: by Groll , noy 
I ſhall AB DG 2 ar Ga: Sg 8 
ol 1 3; Ni 1 fir 21 Jh > 
1. elograms he one 
about that — ye qual 10710 | .N 
2. — a. [of any two, Quanti beeqtiil to ine * 
Produtt of oF any hes dee Wande, then ſhall thoſe Quantities be 


3- If four Quantities are 


the Produt of the firſt and | 


e hall be qual t ths Prod? of i ſecond and thin 
4+ 


* 


oy Problem. þ 


4. Wherefore, if the Frodutt of ie Ronda Mild be divided 
by the firſt, the Quotient ſhall bea fourth Numbeßs, which ſhall be 
to the third, as the ſetond to the firſt, which is the Reaſon of the 
Golden Rule in Avithnwtick called the En Fer De Ce 


7 * 
L 7 2 N MT C * * 
+4 3; Fg þ 4 Ss 4 1 a Mt bk a 


a . pe , © v * 
: . © Pd FS) N 1. : * 
4 | in 4 1 * : 9 9 4 1 4 * 16 4 * 2 ; » 
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P ropoſition XVI. Problem 1 
T ET l r eee Noe 
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NN Nec 
5 Conſt ruclio on. 
ar run yd dg : BU : 8 | 31 
>. Take the Diſtance from che Point given te. t 65 
the 801 Line AD:! x33 L182 Vo irs) (P o/m - 15280 u in Ab 
ith the elt Eule due Wo fie Corp 
where at Pleaſure, as in B, ftrike the little Arch at C. 


3. With the Diſtance AB ſetting one: Foot of Compalſes in 7 
- zetoB tlie Former Arch u . orf — el 
* $6) eee 


4. Throu gu the Interſcbtiom and u 6 e 
_ Ling GPpand iihattbe parallel to AB 
n Dun. od: Nati) Hr aoinimanſ) ow 1. og vas 30 
I ſunoimtogorg ERS 
dig fk any to e att Iroofrrogorg o e“ðjA 100 H . 
4 bas ee 225 1 bend 347 07 lage 3d iBfogefaien: 
SIG 1577 7 W (2 
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2 d * * 
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P bs 5 
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un X'VIT.:*Problem: 1 
To ee Line AB. $ gi ꝛ1,hα0 © wh 6 107 * 


* 65 - | 
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3 
% \ ” 
. * 
. ; % " 
* — Dir —— 
nene „„ 0 
Pap — 


1 © # 
. 
* 


E ui 59 16 lbb 3 1: 10 ni e 3niof al 3 


12 aeg 0 181 iy MI. 1 Ns / 
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A 28 451K flache O ai 1001 no » et 
oil. 207 Ac =& ain 967 div H n: 1007 910 gu 00 8 


41 41 
ry ech wh JnioT nerig 51 by as 0 291900] ads gulf 


v. Wich an Extent" ef the „(Stenter thaif the half of 
- the given Line) ging one Foot in A, ſweep two ſmall Arches, one 
at C, the other at D. 


2. Wi 
45 
e aware 


will biſe the given Line AB,. by N I, 


5 ſame Extent of the Compaſſes, placing the othet 


nt 1388 5 the rh nice . 111 wie 


1 


0. 15. and 
g e. d 


2001 209 Jai big  2oligqmo) 5:7 * zA yig div 1 + 
ni 2 


Propoſition xv Problem mt. 
Flon a given Point i in a given Line; toraiſe a Perpendicular, 


* 2 * 


-- 


Caſe l. 


If the Point be in or near the middle of the Line, as A. 
Conftruton. 


1. Make AG uat to AH of convenient Length. 
> With any ao of the Coe es, greater than AG or AH, 


oe Beta ©. deſcribe a ſmall Arch at D. 
7 4, Bering on Foot in N wk the ſame Extent crofs the Arch 


| 4. Through the Interſection — i be given Point, draw the right 
Ling DA;: and: it thall be perpendicular to BC, by Coroll. 1. Theo. 5. 
and Delve g., He, 49 αινν en 171 1004 io Wt 1131 (201 11 * F 4 28: 
þ (38250 $4: .2) 3s 

Caſe 2. Zuiotlg HO 243 10 192 K lt al 


il 8 
| 1 | e dene at 51 . 


* 2117 * ell ne nc red 2013 fl 


L ug t wall 1 ot A Refs 241 agvig 91l3 $531i4 Hiss 
„ ˙α 


2. Then with any Extent of 5 placing one Foot 
aohνοεννẽ, in 


" * 4 
' in FBdoplace the other in any Point, Iban the Lin BC. 
2. „ onde Poine ff aa Came, with the Gone kaum of te 


3. From the Interſotion He of the Arch fie Ki 
Line BC through the Center; f E vm Ln FE Ft ot: 
not Wicca tote oF 


4 From the Point of the InterſeQion to the given Point * g 8 


draw the right Line NPE wt hall tpi BC 
Coroll. 2. Theo. 9. and Def. 16. 9. 6. f. 


- Propoſition XIX. Problem IV. 
Flat 2 given Point over 4 given Lin, u ia fl fegen. 


. 


— _ 4 * 
2425 


nohnogor 


Caſe 1. | 
If the given Point P be over the middle of the Line, 


1 | i SS: | 
7 206} ds eros, Ane g ci 191110 adi 5550 C 


1. Wien au nt ofthe $2 ther! PC, placing 


one Foot in P, deſcribe the Circle till it interſect the gi: 
ven Line in B and D. 2278 NA of i th * ego | 


2. Biſeq the Line DB „Na vn © by Prop. 18. 


805 Fro the Po! Bit the-Lioz EC, abd it / ſhall be the 
by the 2d | of the 6th Theo. g. e. fe 


R At Pp 
$4005 bar 710 Ot 1 dil; wth. 5 © 2936S. * 2113 UEUCU | 28 l 
Cafe 2. ey : 


But if the Point evi be over Nl. of the Line, 1 
354 3 5 141 0 4% x nay 91013 07 GS . 1 5 30 99 | 1 014 þ 
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4. Fram the Interſcktion FA with che Line AF to {the given | 


Point 75 draw —_ L, it ſhall be the pe ä 

quired by 2d Croll. of the ih Theo. 9. c. 0 |; 
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— XX. Problem V. 


O make an Angle ne. to an Angle given. 


2 if 1 i $13. 3 
2h4nio't 11 my.” 23113 4% UO an ad 
Jui 4827 £ 0 5 hy N 40: 
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1. On A a 


A er be the Arches i 5 "Y 
80h. 4 as Can ; ffs | . 
cle 1. 9585 e th! Will hs Fe gle ö FDE "bs equal ito 


N. B. If the Points Kl and HG were joined by right Lines, and 
biſected by Prob. 2. the Lines that biſe& thoſe, ſhall alſo bi- 


n es, by the 2d Coroll. of the 61h Theo. or 3d of 
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Propoſition XXI. 
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ge me, or the Doane of Triangles. 


try is is that part of Geonet metry which i is emp oy el 
7 ae of Triangles, and is eber Pl; in or 


cs. 


upon th e Spherical Trigonomety 
n Plain, and Thaw its Uſes in the 8 
in order thereto, we ſhall ma ſome few 


bat 2 Plan 3 18 A Figire e bounded * iow fireight : 
rok Nuß is jhe yes Plain an au two Sides are greater 


than the thur 
2. Nie g greateſt Ar le is 0 pete to the Side, and 
1 ah es 25 le. 


vice verſa, that 1 Side 
t the Sum of the Angles Rhee, Plain 1 * _ 


3. 
eee 9919 ee * W 
Fr Mo 
* 1, If two figs os a 9 0 „bern the third i is alſo ae 


2 27 Angle of A Triangl be obtuſe, each of the other two 


9 be a f. 1. 7 
1541 * ute TLITA * 13 6. 1 E 4. : F4 . ry If 


. 
N — + K _ - * Ty 


ff 
* 


Fla Thi gonometry. 


3. If one Angle be right, the other two ſhall be equal to one 
right ) 1 
4. In à right · angled Plain Triangle, if one of the acute | prong | 
be given, the other is alſo known, being what the given Angle wants 
of a Quadrant and this Defect, is called its Complement... | 


In every Triangle See are xc pats thin 1 wn. 
e os three Sides and agree 3 Dy TEN © which 
ing knowh-or given, ex the n a Flain Triangle, 
the other three may be ach fours which to do, is more properly. 
the Buſineſs of Trigonometry, which is that Science Mathematical, 
that by conſideri he, Nature of the ſeveral parts of a Triangle, 
diſcovers certain „ 5 Laws, by which the ſeveral Cafes rela- 
ting thereto, may be eafily reſolved. 
nd forafmuch as — ngles of Plain Triangles, as alfo both the 
Angles _ Sides 2 e 8 meaſured by does of a 0 f 
0. Of Proportion o ches 90e to 2 
Se to right Lines 1 wot gg. were 
ed, in, e Lin to thei G Cliculation, 8 e, i Fo near Dad 
ible to 1 t Lines, by applying thereto certain Sz. 
re and mp mas * 


| moon AE, to ER are Chord rds, 1 5 Tow 8 
and kram ; Ja 22 , TEE: 
1. 1 3 ak bots : 2 80 19 bn 

e ee Chord of Sübtense 6f 


Line drawn 


8 Ar 
| 3 93 e Oh 
F nnn 17 1 : «7 b : 
a 4 & Sf ww 3 | * 4 Fr 1 o thi . 
6 N * 89 , 1 WI n the 


42 . as aſd 6 of the Ann 


Ae ivticher right of verſed: 
2. ne, ant eee y Arc 

is a right Line drawn from one 
* io e e 
25 ugh > of ter Tenni- 
3 nation of # the Ach, ih, Gries it 


Moi Ay. - e 
the Chord of twite that Atch thus; SR is the right Sine of the Arch 
"_ or of the Arch 8D ʒ the Sum of which males a Semicircle. 

The verſed Sine is that part of the Diameter which is con- 
tained between the right Sine and the Arch; fot which Reaſon RA 
is the verſed Sine of the Arch 8A, and RIU) of 8D. 

The Tangent of any Arch, is a ſtreight Line inen from one 
* of the Diameter, and dicular thereto, and limited by a 
right Line drawn from the through the other Termination of 
the Arch thus; AT is ie. TIO: Of the Arch SA, and of the 


Arch 80. 
| right Line CT CT ea keen 


t, is the Secant of the ſame 1 
canada er e | 


Carell. | | 
1. Fram Definition the 1% it — the Chord of a highs | 
and its Supplement to a Circle, is the ſame : nr ofa if the 
Chord of any Arch, leſs than a Semidircle be given, the Chord of 
nnen, Uefe- 
Ulive, is alſo given. | 2 
2. From Definitions the 2d, 4th; and 5th, it follows, that any 
Arch and its Complement to a Setnitircle, have one right Sine, Tan- 
| mnt and Secant, common to them both: Wherefore the right Sine, 
| and — of any Arch, leſt than a Quadrant, is the ſame 
ow ih the right Sin angnt, an Seca of an Arch as much. exceed- 
| area i mer is defeftive. , | 
5 1 Alſo from Deſinition the zd it follous, that the verſed Sine 
of an Arch greater than a Quadrant, is greater than the Radius; but 
of an Arch leſs than a Quadrant, leſs than the Radius, and that the 
Summ and Difference of the Radius and Coſine of any Arch, ſhall 
| 94 9 2 of 2 85 Arch and iis Complement to W 
AT | 


Bar cache. 


. (4 Again hens he . — from Theo.the 1 2th, it folloy that eme fav 8 
of the Radius, leſſened by the n of che nge 8 Lad o 
n Square of the Coſine. 


For: CSq—SRg==CRg. =} 
 Atfo-by:xomparing the Similar — CRS, CAT, * ch 
one with mother, we * draw ſeveral more uſeful Conſequences. 


E 2 ol That 


26 Flas e; 58 
F. That as the Coſine of an Arch to we. tight Swe, ſo is the Re | 
dus to the Tangent of the fame Arch and TY for” 
CR: RS:: CA: z AF. 
6. Again as the Glide et an Win to the Radit : tis the Ra 
dius to the ara of the ſame Arch : and the contrary for 
| KRC SC: AC: Cr. 1 
Coroll. | 7 ons re " : 65 8 
Hence the Radius i is a Mean be det U the Coſine and 
Secant of the ſame Arch; wherefore the Coſines and Secants of 
Arches are reciprocally proportional. r 
7. As the right Sine: ta the Radius : fo i the Tangest: rocthe 
Secant; and the do e dll: 40 48207 8. 
RS SC Ar: C 2 rep 5 
8. Again, as the Tangent of an Arch : to the Radius: 1 Di is the 


Radius: : to the l of the ſame Arch; on; he con . 
* A111 TA. AC: ; qr ard ary | 


2 t offs 21 leq: 
Hence S onional between che Tangent 
and Co-Tangent of any Arch: When te the Tangents of _— 8 


* 


and their Corangents, are reciprocally proportional. 


9. As the Tangent of any Arch: to the Secant of the . : ſo ; 
is DW Radius : ro the Secant of the enen J and whe” contra- 
MN * 11. Ni 002 38296 Liih — 

ATC: EB & eee of ppt 

10. By 1 pf ms led Triangle CSR. it apP that if 
the longeſt Side or Hy s be made the Radius of a- Cir- 
<le, the other Sides: 0K obs OS and CR will be the Sines of their 
fite Angles : But if either of the Sides containing the right An- 
e, be made the Radius, as in the Triangle CAT, che otfler Leg 

will be-the Tangent of its oppoſite Angle, and the Hypothenuſe the 


Secant of the ſame Angle. Le 

This Property, by reaſon of its excellent and f uent ug, is. 
called The yo Axiom of Plain Togo. ; and the Reader is to. 
take Notice, that whenever woe men 10h e uf avon, we mean 


this Property? 0 SH AUEGA > + 
But bow to determine the Lengths of the aral Sines, Tangents, 
and Secants' belonging to the ſeveral Arches anſwering. do. every De. 
gree and Minute of the Quadrant, in parts of the Radius firſt given, 
i the CanltruQYJon or making” of the es . Tan- 
Sents, 


38 22 4 . 0 130 
. ao * | 


— 
— 


gents, and Secants, which we ſhall ſhew how: to perform, both Ge: 


- omertically and Arithretically, or by Calculation; and firſſt 


of the Geometrical ConſtruSion or making of the Na-- 


tural Sines, Tangents, and Secants. 8 


1. IVFribe a Semicirple, 2 b c d, and divide it into two equal. 


parts by the Radius h c. | ; 
2. Divide the Arch of the Quadrant 4 0 into nine equal parts in 
the Points 10, 20, 30, &. then will each Divifion anſwer to 10 
Degrees ; and if you imagine Lines drawn from à to the ſeveral 
Points 10, 20, 30, Cc. in the Arche @ b, they will be the Chords of 


their reſpective Arches, by the 1/? Def. of the 2d Sec. and if tranſ- 


ferred to the Chord Line c 6, will form a Line of Chords; and if 


each Diviſion of the Quadrant be ſub-divided into ten equal parts, 


and the Diſtances of the ſeveral Divifions from the Point a, be tranſ- - 


terred to the Line 4 h, you will have, by this means, a Line of 6 


Chords to every fingle Degree. Farr hs : 
3. For the Line of right Sines, from the Points of the ſeveral Di- 


viſigns 10, 20, 30, Cc. of the Quadrant b 4, draw Lines parallel to 


b c, according to Theo. the 17th, till they cut the Radius c 4; ſo 


ſhall & 4 be divided into a Line of Sines : And if, as we ſuppoſed 
before, the Arch þ 4 be divided into go equal. parts, and from the 

ſeveral Points of Diviſion, Lines parallel to the former be drawn, 

the Line c 4 will be divided into a Line of Sines anſwering: to every 


fingle Degree of the Quadrant, by the 2d Def. of the 2d Sef. and 


30th of the 1ſt, which muſt be numbered from c towards. 2. 


4. If the ſame Line of right Sines be numbered from à towards c, 
you will have a Line of yerſed Sines, by the 3d Def. of the 2d Sef. . 


which may be continued to 180 Degrees, if the fame Diviſions be... 
_ transferred on the other fide of the Center c. 85 „ 


F. From 4, the extream Point of the Diameter, raiſe the perpen- 


dicular 27 : and from the Center c, through the ſeveral Diviſions of 


the Quadrant a b, draw Lines till they cut the Tangent « 7; ſo will 
the Line 2 2 become a Line of Tangents, by Def i 
the 2d, which muſt be numbered from 4 towards 7. 


where _ 


a 1 5 


Flain Trigonomeiry. „ 


the 41h of Seit. 


6. I inſtrad of laying the Ruler from, the Center, you lay it 


P [ | ) | 
: ö * - l 
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where. it euts the Line c 6 
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Def 
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by Theo. the 197h, and 
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;Tangents, 


Semi 
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the 4h of Sef. the 2d. 


will become a Line of 


Ft; 


the ſeveral 
the Se- 


ts, are 


angen 
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s drawn from che Center, 
Quadrant a ö, to form the 
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ines 


1 
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And becauſe L. 
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inificas of the 
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Di 


cants 
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! 
KF 
7 
| 
J 
a 
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_  cants of the ref 


Ta 
in equal parts of the Ra 


25 — it is therefore abſolutely nec: 
_ thoſe right" Lines ( 


; that we re propoled 


— A | | 
ky . : 2 4 8 a - 
| R 82 e i Bt Y 
Flain Frigonometry. 3r 


ive Arches, by the 515 Def of the 24 Se. 1 
their Lengths be to the Line c h, continued to v, the 


Line cs will be! the Line of Secants; which muſt be numbered from 


c towards 5. 


Afier the fame manner thay the Chords, Sines, TINY and Se 
cants to every Minute of the Quadrant, be conſtructed, if the Cu- 


cle will admit of it, or to any particular Arch. 


Now, if the feveral Diviſions of the Line 4 h in Fg. the "ft; be 


rransferred to the Line C in Eg. the 2d; alfo the Divifions of 


the Line f in Fg. the If, to Line T in Fig. the 2d. 


In like manner the Divifons of the other Lines of right and verſed 


Sines and Secants in Eig. the 1/? to Fig. the 2d, you will have the 


ent formed, called the Plain Scale; and ſince we are ſpeak- 


905 of another Line uſed i in Sailing, called Rumbe, which is as fol- 
: (vt 


Divide te Quadrant db in Fg. the 1 into eight equal parts in 
rhe Points 7; 2, 2, Ce. and ſetting one of the "Compal: paſſes in the 
transfer the ſeveral Diſtances dr, dz, dz, from the Arch db 
to the Line @ þ ; ſo will you have formed Lines of Rumbs, each of 


* anſwer to 117 15, which may de transferred to the. Line 
R in Fg. 'the 2d. 


To theſe ma be add e e ts 
and chen end Scale wilt be cotnipleat. Pr e rer 
But if the Numbers anſwering to the Lengths of the ſeveral Sines, 


ngents, and Secarts proper: to ihe ſeveral Arches of the Quadra 
2 8 be ſet dowp in a Table, each Jn is | 


'Colutts ; you will, by this Koi haye a, Triangular 
non of Numbers, b which the ſeveral Caſes of Tr gonomet wa 


be done but tkeſe being not accurate enou for A i Cab 
ary, that the — of 


in the Calculation 
Triangles) be determined to greater Accuracy i 2 Numbers to 0 


figned Radius; wich to do, is the Buſineſs of our ſecond 
for the Conſtruction of theſe excellent Ta of 
ſe, that no Perſon can pretend to underſtand Tri- 
che Sa or * ee without a e e | 
* 


P : 
2 22 2791 


ſuch 1 ate u 


2 
419 
14 ; 
' rs 


this Inſtrument, it may not be amiſs to ſhew the Conſtructi. 


* | f | 


Of the making of the Tables of Natural Sinet, Tan- 
gente, and Secants, Arithmetically, __ 


A. ND in order thereto, the Radius muſt firſt be aſſigned equal 
"> to a certain Number of parts; the Ancients with: Peolomyy 
who flouriſhed about the latter end of the firſt Century, divided the. 
Radius into 60 equal parts, and each of thoſe again into 60 parts 
more, and ſo on, and thence formed the Chords er Subtenses to e- 
very 30 Minutes of the Semi- circle, (a Table of which may be found 
in Pfolamy's Almageſt) and by ſetting down, the zoth part of 
_ "the Difference, could make them to every Minute, as they had 
coccaſion, which was ſomething troubleſome, and rendered Calcu- 
lation very tireſome ; and theſe were generally uſed till Regio- 
montanus, about the middle of the 14th Century, after the Ara- 
bians introduced the Sines in the room of Chords, divided the:Radi- 
us into 60000 equal parts, and thence made the Sines to every ſin- 
gle Minute, and afterwards divided the Radius into 10000 parts, 
and formed thence a Table of Tangents to every Degree from that 
Principle, which he called Tabala Ercunda, by. reaſon of the 
many Advantages it had above others, amongſt which this is none 
of the leaſt, that if the Radius happened to be the firſt Term in the 
| N Diviſion was wholly avoided, and if in the ſecond, mul - 
tiplication. Me Wet eee, 1 TJ 1-1 
| And fince this is the Diviſion that. has been uſed hy all Men 
ever ſince, and upon which the Tables now in uſe are made, 
we ſhall, from thence, ſhew how they may, be eaſily conſtrukted, 


. ' 


* 


and that by one general Theorem, which is, that 


* \ 


1 Fr Of! 
In a Rank of equal differing Arches, ſuch as g 2, 25, M, Nc. the 
Sine of any Arch in that Rank: as , ſhall be to the Sum of the 
Sines of any two Arches equally remote from it on each fide, vis. 
p:; as the Sine of any other Arch in the ſame Rank 2: to the 
Sum of the Sines of the two Arches next to it on each fide, vis. 
e, having the ſame common difference, that is, the Sins of 20 
Degrees, ' ſhall be to the Sum of the Sines of 10 am 30, as the Sine 
of 30 to the Sum of rhe Sines of 20 and 40; alſo the ſame 
holds, if the Progreſſion be interrupted, vig. when there are | two 
Ranks, whereof the firſt have the ſame common difference as be 


Plain see, 


laſt, but not retaining the like 
between the -laſt - 

Arch of the firſt Rank, andthe © d 1 

firſt of the latter Rank ; N 


The Sine of 30 Degrees ſhall 
is th. ths Suatof ts Sines of 


5oand 10. as the Sine N - 
of 40 to the Sum of the Sines 9 
of 20 and 60, or as the Radius - | 1: / 
to twice the Sine 70, equal to | 
che Sum of the Sines of 70 and [- 
110, 7. e. abi! 1 7 — 


und:: a: „25 WT $3 
ang {© 20r any” Gun. In onder to pte 75 a, 


That if any Arch of the Ciz 
cumference, as ABD, be biſe- 
Qed in B, and from 


in the'Periphery without the 
Arch, Arch, as ©; © the Ohords or Sub- 
CA, CB, and CD be 
—.— CD being oduced till 
BP be 2 aa nom © the outer * 
Segment DP: of . 9 
(hall be c to CA. | 
i3: 10 2 10 fn. 2 9 7 00 "i Stig sd ni no 
— Conflution. - 212 a H 07 ven ed * 
i 19772 2Htvy 22115197 
1 the Lines AD and BD be en, ) S 2208 ba 
my | * 513 3647 bas 
| Demonſtration. 34 4 500 6!igt 
0 20-364 i. ft l 
eng BP==CB2 by Cotradtn. 5 £ 39-30 Ann [1:31 1 01 
And the Angle — Fe Prop 6h, — 10 colt the 
Therefore ha Triangle DPB=BCA 
And CA=DF. tlie : 
F i] 1 Groll. 


—— ˙— 2 — —— — — 
— — 


34 ; Plain Trigonometry. 
Coroll. Hence it follows; fy 21 igt Jort 10 7 
That if from any Point C-in the — Circle, any 
Number * parts be ſet off to A, tO B, to D, c. and the ſe- 
veral Chords or Subtences, CA, 


CB, CD, Cc. be drawn, CD 
being produced till BK be e- 


CY qual to B alſo CE till DL 
be equal to D, C. 
I fay it follows, that CK 

| * ſhall be equal to CDN -CA; 
alſo CL= CB, and ſo for 


the reſt, and: becauſe the ſe- 
veral Triangles CBK,. . 
N mw are limilar, pow 


20 \ 


<>: CK um =CA-CD : CD: 
CL=CB4-CE: Or 


CB: ; K=CASCD: 06 


Ireen 
| That is, in a Rank of equi- 
differing Arches the Chord 
of any S arch. in that Rank : 
ſhall be to the Sum of the 
Chords of any two Arches e- 
5 Ly. temote; from it on each 
ide : : as the; Chord of any e 
AP "A in the ſame Rank : to the Sum of the Chords of two o- 8 
| py next to it on each Side, having the ſame common Dif- | 
ence, whether the Progreſhon be continued or interrupted. 
And fince the Chords are the dcuble Sines of halt theit Arches : : 
an that the halves have op fame es as their holes, it 
ows, : 
That in a Rank of equi-differing Arches, the Sine of any Arch in 
that Rank ſhall be, c. g. e. d. 
Now, if the Radius 4 Sine of 96 be taken for the. Sine of the 
middle of three equi-differing, Arches, it 7 be. 
As the Radius Ba 
To the Wette Sine of one of the Arches; 3 


As half the Radius 


1 33 


To the Sine of one of the Arches, Matt) watt 299570670 ors 98h 
So is the Sine of the ſame Arch: PILOT 26 0 pr 88,8 0 
To the Sum of the Radius and Sine of another Arch, having the 
ſame common Difference. 1105 1 35159 6 wt vs re 


Coroll. Der! VESTS ES! 1 4 bY 32112. 11530 (Q - | th DW TY FER. 
. Wherefore the Rectangle of half the Radius, and the Sum of the 
Radius, and of the Sine of any Arch, is equal to the Square of the 
Sine of the middle Arch, between the Arch firſt taken and the Ra- 
dius. yl rl | | He II. R 
But becauſe the Sum of the Angles of every plain Triangle is e- 

ual to a Semi- circle or 180 Degrees, and that every equilateral 

riangle is alſo equi- angular, and conſequently each Angle equal to 
60 Degrees, it follows, that the Chord of 60 Degrees is equal to 
the Radius, (which we ſhall aſſign equal to 100 and its 
half (equal to 5000090) the Sine of 30 Degrees. Wherefore if to 
the Sine of 30 equal to 5000000; you add the Radius 10000000, 
and multiply. that Sum 15000 by 5600000'equal to half the Ra- 
dius, and extract the ſquare Root of the Product 75000000000000,; 
you will have the Sine of 60 equal 8660254, by the for- 
mer Corollary : And if again this Sign 8660254 be increaſed by the 
Radius, and that Sum 18660254 be multiplied by 5000000, equal to 
half the Radius, the Fer Root of the Product 93 30 12700 0 
equal to 9659258, will be the Sine of 75 Degrees by the ſame Co- 
rollary; and proceeding on in the fame manner, you will thereby 
have the Sines of 82* 30, 85* 15, 88* 07'.30'', Cc. and if the 
Work be repeated till you come to the Sine of 89? 59 o 15 

6“ 15% „ which will be after ſeven Repetitions more; and in- 


175 
ſtead of extracting the ſquare Root of the laſt Product, you ſub- 
{traQ it from the Square of the Radius, and extract the ſquare Root 


of the Remainder, yo will thereby have the Sine of its Comple- 


17 Hin 


ment 52 03- 45 equal to 0002556,8 by Croll. the 4th 
of the Def. which being the Sine of the 2450 th part of the Cir- 
cumference, does ſo little differ from its correſpondent Arch, that 
it may, without ſenſible Error, be taken for the Length of the Arch 
it ſelf; Wherefore if it be multiplied by 24576, the Product 
6,2831853 will be the Meaſure of the Circumference in ſuch parts 
as the Radius, is 10000000, or the Diameter 20000000, And 
fince the Circumferences of all Circles are as their Radius's or Dia- 
meters directly, it follows, 1 75 


F 2 | | That 


R Flas Trigonometry. 


that the Diameter of any Circle ſhall be to its Circutnference, as 2 
to 6,283 185 3, ox as 1 to 3,4150 % 7 0ST HH en ont 
Now, if the Circumference 6.283185 3 be divided by 27600, rhe 
Minutes in a Circle, the Quotient 2908,88 will be the Length of the 
Arch of 1 Minute, or the Sine of the ſame Arch, (ſeeing there is no 
difference between them in the largeſt Tables generally uſed ) the 
Square of which being ſubſtracted from the Square of the Radius, 
leaves the Square of the Co- ſine of 1 Minute, whoſe Root 9999999,57 
will be the Sine of 89. 59 or of 90. oz, the middle Sine between 
them being the Radius or Sine of 90: Wherefore by the general 
Theorem it will be by 12 $0) SATRINGS! 
As the Radius 10000600,00 to the Sum of the Sines of 90 O1 
and 89* 59, or which is che ſume to twice the Sine of ted Lig 
199959999, 15 ſo is the Sine of By.gy=29999999,57 to the Sum of the 
Sines of 90 and 89.58 19999998, 29 from which taking the Radi- 
us ot Sine of 98=10066000,00 the Remainder 9999998, 29 will be 
in, ſo is the Sine of 89.58 999999998, 29 to 1999999580 
the Sum of the Sines of 89.59 and 89.57 z from which ſubſtracting 
299999977 the Sine 89.59 before found, the remainder 9999996,23 
will be the Sine of 92.57) TR CNT COURSE TT BF © OMA 31905 
And again, f6 is the Sine of 89.5 ) 29999996, 23 to 19999991,60 
the Sum of the Sines of 89.58 and 89.55; from which ſubſtracting 
9999998, 29 the Sine of 89. 59 before found, the remaindet 9999993,32 
will be the Sine of 89.55; and ſo on by the Hke orderly Proceſs, 
till the whole be done. r dad e a ITT ES 
Again, from the Sine and Co- ſine of 1 Minute before found, the 
whole Canon may be formed, beginning at 1 Minute, by the fame 
general Theorem , for | VA 
As the Radius 16000000 to twice the Sine of 89.59==19999999.,15 
fo is 2908,88 the Sine of 1 Minute to 58176 the Sine of 2 Mi- 
nutes, and ſo is $817,956 the Sine of two Minutes to 11635, 52 the 
Sum of the Sines of 3 and 1; from which taking away 2908, 88 the 
Sine of 1 Minute, there will remain-$7 25.54. the Sine of 3. 
And again, ſo is 8726,64 the Sine of 3 Minutes to 1745 3,28 the 
Sum of the Sines of 4 and 2; from which taking away 5817,76 
there will remain 11635, 52 the Sine of 4 ; and ſo for the reſt, 


-- 
— 


- 


- How troubleſome ſoever this Method may appear yet if well 
conſidered, will be found very eaſy ; for in every Proportion on 
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firſt Term being the Radius, or 1 with Cyphers, there is no need 
of Diviſion; and fince the ſecond Term alters not, if the ſeveral 
Multiples of it by the 9 Digits be made at firſt, and ſet don in a 
Table orderly, the whole Canon may be formed by Addition and 
Subſtraction only. "F ae! | 
Again, becauſe from the Nature of Proportionals, the ſecond 
Term being nearly the double of rhe firſt, the fourth muſt be nearly 
double of the third; therefore the Sum of the Sines of any two 
Arches, whoſe Difference is two Minutes, will be nearly double to 
the Sine of the middle Arch; wherefore the Differences between 
the middle and each Extream, ſhall be nearly the ſame, but decrea- 
ſing as you aſcend, that is, the Difference between the greater Ex- 
tream and Mean, ſhall be leſs than the Difference between the 
Mean and Lezit, but is fo very ſmall, and does decreafe ſo regular- 
ly, that an Equation-Table may be made with much eaſe, that by the 
help of it the whole Table of Sines may be readily made by a conti- 
nual Addition of the Sine of one Minute, leſſened according as the 
Table ſhall direct, which is ſo wonderfully eaſy, as nothing can be 
more, for what the Ancients were forced to do by continual Multi- 
lications, Diviſions, and Extracting of Roots, may be here done 
y the ſimple Addition of a very ſmall Number, which will be al- 
ways leſs than the Sine of one Minute. 4 LY 
- Furthermore, it hath this peculiar Advantage, that let the Radius 
be aſſigned equal to any Number taken at Pleaſure, the ſame Conſe- 
_ will follow, and the whole Table performed with the ſame - 

But if this Progreſs by one Minute at a time, by the former Me-- 
thod, be thought too tedious, the more to facilitate the Work, it 
may fuffice to find the Sines to every ten Minutes only, and then to 
ſupply the intermediate Sines by Addition or Subſtraction of their. 
proportional of the Differences ſo found: And in order here- 
unto, it will be convenient for every Sine found at the beginning of 
the Quadrant, ( in proceeding upwards ) to find he Sine oft its 
Complement, as we have before raught. 

To the end we have three equi-different Arches, or ( which: 
is all one) the Sine of an Arch, doubled near the end of the Qua- 
drant, differing from the Radius ten Minutes, and ſo retain the Ra- 
dius for the Sine of the middlemoſt Arch and firſt Term, and alſo 
the Co- ſine of ten Minutes doubled for the ſecond. Term and com- 
mon Factor, throughout the reſt of the Work: And then W 
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the former Method found the Sine and Co- ſine of five Minutes, it 
will run thus, (agreeable to the former Proportion) for finding the 
vines and Co- ſines of 10 Minutes, 20 Minutes, 30 Minutes, c. 
As Radius: to the double of the Co- ſine of 5 Minutes: : ſo is the 


Sine of 5 Minutes: to the Sum of the Sines of 10 and o Minutes: 


and fo is the Co- ſine of 5 Minutes: to the Sum of the Co-fines of 
lo and o Minutes, or to the Sines of 89.50 and 90. %%r.. ant 
And now, the Co- ſine of - 10 Minutes thus found being doubled, 
may be made the ſecond Term (or common Factor) for finding all 
the reſt of the Sines to every 10 Minutes throughout the whole 
Quadrant, thus | | | 3. 

As the Radius: to the double of the Co- ſine of 10 Minutes: : ſo 
is the Sine of 10 Minutes: to the Sum of the Sines of 20 and o 


Minutes: : and ſo is the Co- ſine of 10 Minutes: to the Sum of the 


Co-fines of 20 and o Minutes, and fo is the Sine of 20 Minutes: 
to the Sum of the Sines of 30 and 10: and ſo is the Co-ſine of 20 


niſhed. 


* 


99 


being made the middlemoſt of three equi-differing Arches, the Sines 


lowing Proportions, which naturally flow from the general Theo- 
LEM, VIZ. 20132011 fs ont 


1. As 
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1. As the Radius : is to the Co- ine of the Atch of Difference * 
ſo is the Sine of the mean or middle Arch: to half the Sum of the 
Sines of the extream Arches. v1 BAT 


« 


2. As the Radius: is to the Sine of the Arch of Difference : : ſo 


| is the.Co-fine of the middle Arch: to the half Difference of the 


Sines of the ſaid extream Arches. 


0 Now, the half Difference of thoſe Sines added to their half Sum, 
gives the Sine of the greater; but ſubſtraQted, leaves the Sine of 
the leſler of thoſe extream Arches. Or the whole Difference added 


to the Sine of the leſſer, makes the greater; or ſubſtracted from the 
makes the leſler of the Sines of the extream 


Sine of the greater, 
Arches. - Wherefore 


Coroll. ANF 


The Sum and Difference of the Products made by the Sine of the 
mean Arch and Co- ſine of the Arch of Difference, alſo the Co- ſine 
of the middle Arch, and Sine of the Arch of Difference, divided by 
the Radius, gives the greater and leſſer of the Sines of the two ex- 


tream Arches. 


Again, from the firſt of the Proportions it follows, that if the 
Sine of 30?, equal to half the Radius, be taken for the Sine of the 
middle. of three e Arches, the Sum of the Sines of the 


two Extreams wi equal to the Co- ſine of the Arch of Difference. 
Wherefore if to the Sine of an Arch leſs than 30 Degrees, there be 
added the Sine of another Arch as much exceedi 


ng 30 Degrees as 
the former was defective, the Sum will be the 8. 


| ne of an Arch, 
whoſe Complement to a Quadrant is equal to the Difference of the 
Arch firſt raken and. 30 


the Sine of an Arch leſs than 60, the Sine of its Defe& be added, 
the Sum will be the Sine of another Arch as much 
the Arch firſt taken was defective. Ya 


That is, the Sum of the Sines of 20 and 40 will. be equal to the 
Sine of o. T "Jt" 


Wherefore if from the Sine of an Arch greater than 60, the Sine 


of its Exceſs be taken away, there will remain the Sine of an Arch, 


whoſe Detect to 60 is the ſame. with the Exceſs of the Arch firſt 


taken. Or if from the Sine of an Arch greater than 60, the Sine of 


an Arch equally. diſtant from 60, be taken away, there will remain 


the Sine of the Arch of Difference, that is, the Sine of 70* leflened 
; | jp N * 


rees, or which is the ſame thing, if to 


exceeding 60 as 


| 
| 
| 
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by the Sine 50, will be equal to the Sine of 107, or the Sine of 15 
taken from the Sine of 75, will leave the Sine of 377. 
Hence it appears, that if the Sines t0'60® are calculated, the o- 
thers to 90“ may be obtained by the Addition of thoſe already 
found, or if the Sines of the firſt and laſt 30 be known, the incly- 
five Sines between 30 and 50 are had by Subſtraction; alſo for the 
ſame Reaſon, if the Sines of the laſt 60 be given, the fiſt 20% may 
be found by Subſtraction. enen HIT e | 

The Sines of all the Arches in the Quadrant being thus obtained, 
the Tangets and Secants, by the help of them, will be eafily had. 

For becauſe by the 5th Caroll. of the 2d Sell. the Co-fine of an 
Arth is : to its righ Sine : : as the Radius : to the Tangent of the 
ſame Arch: if the Product of the Radius and right Sine be divided by 
the Co-fine, the Quotient will be the Tangent; or the Tangents be- 
ing made to 45*, the others to 90, may be found by the 87h Carol. 
of the 2d Sef. | | | 
But for the-Secants, becauſe the Co- ſine is: to the Radius: as the 
Radius to the Secant, by the 6th Coroll. of the 2d Sed. if the Square 
of the Radius be divided by the Co- ſine of any Arch, the Quotient 
will be the Secant of the ſame Arch. 

There are ſeveral other Methods to be found amongſt the Corol- 
laries of the 2d Section, for the calculating the Tangents and Se- 
cants; but theſe that we have made uſe of, being ſufficient for our 

ſe, we ſhall paſs by the reſt, and refer the Induftrious Student 
ON ths tots of che Taller rigs anda ee ee 

By the help of the Ta thus made. and a Line of equ 
EET ND: Length, may the Lines upon the plain Scale be con- 
ſtructed more readily, and with greater Acuracy, than by the former 
Method; and being the way generally uſed, as being really the beſt, 
we recommend it to the Uſe of the young Students. 

Having treated at large upon the Sines, Tangents, and | 
and ſhewed their Conſtruction from their Nature conſidered, it re- 
mains, that we mow of Logarithms, in order to ſhew the Conſtru- 
Etion of the Artificial Sines, — — and Secants, (which are no 
other than the Lagarithms of the Natural) and the Conſtruttion of 
the Lines upon the Gunter Scale, (which are the Lagarithmetical 
Numbers laid down by a Line of equal parts; ) but we ſhall refer 
the Reader for this to the Appendix at the end of this Work, and 
haften to ſhew theia Uſes in the Reſolution of the ſeveral Caſes of 


right 


* 
Plain ee i 4b 


right and oblique angled plain Triangles; and in ordet to it; we 
ſhall 5 7902. 123] 

That the ables of Sines, Tangents and Secabes being Tables of 
Triangles ready calculated to all the poſſible Varieties F Angles. 
(as is abundantly mani feſt from what has been ſaid concerning them) 
no Triangle can be propoſed, but that another Triangle may be 
found amongſt the Tables fimilar to it, all the ſides of which-wilt 
be known or given; and therefore by the help of the Tables and 
our 14th Theorem, all the Caſes may be eaſily reſolved, as * be 
ſhewn more at large-in che next Sedion. 
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determined, 'and/BC-beingimeallifed''by; the Line af qual pans, 
will give itsLength. Az Het 

But if a more exact Anſirer be required in Ni produce 
AB to D, till AD be equal to the oP of the — then will 
DE be the Tangent of t the ED & yoo the 1 of Trigonome- 

the faid Ta 


try; and therefore given in And becauſe te Tri- 
u ye fimilar, it will "be by Laa redes 


* | 
11 4 * Jon $4 


| 2 AD: DE: AB: : BC, 11 G dra ST 
As the Radiu — ——— —=10:0000000 


To the Tangent of the Angle at A 36 — 12“ — 9.87 50628 
50'S the given Leg AB 64 - * . 06180G 


To the required Leg BC 48 — — 1.6812 2428 
* 
Produce CB to F, till CF be equal to AD, then will FP be the 


Tangent of t Angl t C, by Ax, the 1/7 of T d it 
oy de e Ae OT des K e 


* 5 
od. 3.006 65 ne PIE ne 
As the Co-tangent of the W at 4 36%, 52 2” — 10 1249372 


HB — —_ 


To the RadinS—_—— —— 2 10,0000000 


80 is the given es B 64 f To ohio Fit Tim e 
To the required Leg BC 48 Aa . F D be. 1 8812454 


5 
7 21 23. 
From the Pol f and K* ke dal due Perpandiculars HI and KL, 
which will be the Sines of their e Angles, by Ax. the 1/ of 
| e and it will be 


| 43 np 3 47. 190 
5 CH: CA: 179 90.1. d 00 
13 „ J K AG: KI: AB F 0 0 51 8 
| Wherefore HI: AB : : KL : BC, by Ax, the 19th, f a 18] 


As. the Co-ling of the. Avglc at A 360 52 fo ray. 20 ess 


To the Sd of the A at A 36? 52 124 a 7 — 
So is the * AB 3 3 — —— 7086 1876 
* — 4 —— — 


TS We 18 BC 48 — 681 2 — 


„ l 


Werder theſe or -Propbniciigedatiig'toTeTeatingd, 
5 ITS unter Scale, ſhall be ſhewn at large when ye ſſiewy the 
| Sen Rl ee ee take this one 
u 28 — — 1 ; 

nd out the given Numbers upon the Scale, 2 the 


. from the” Peg to the "pms and the fame Extent will 
reach from the third to che We *. 
Fb. wi 13 * 


ret 1 Sa. C ie 7. 10 W 0 70 
Wen * : q 
— —— oo Oo —ę— | 
. ” * 94 a. 4 „ 7:1 & 


+ E 


L 3 434 —1 
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r 28 Aust mog vH f Ti 1 01 


Example. 
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e een 46 
io 90d & 1] borer : H;: CA: AB. „.. Ne 


A . * .es 


Mr mon — —ä— 


To tha Sine of the Angle at C 53 07 485 — — 9.030895 
So is the eee 1 A 9030908 
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uf 3007 vi jr Ong De nets ning ntt'f 
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The Legs being given to find the Angles. 
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I. Let AB be made _ x 
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parts ee eee * 
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pendicular BC, and lay of © © 


f 
HRT LAY 
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upon it 48 parts of the 
fame Scale from B to C0. : 
3. Join the Points A and OY # 
C by the right Line Ac, by "IP : 
and the Triangle will be — F 


fromed 5 


10. 2218477 
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formed; and if the Angles at A of C be meaſured by a Line of 


Chords, their Quantities wilt by this means be known: But to 
find the fame Angles by Calculation, produce AB to D, till 
AD be equal to the Radius of the Canon, then will Df de the 
Tangent of the ſy at A, by Ax. the 1ſt 'of Sell. the 24; and it 
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The Geometrical: Con- 
15 of —＋ 1 is \ 
all me wi 
the former; and if AC be 
meaſured by the ſame Scale 
by which the Triangle was 
pro — its Length Will 


And if an-Anfiver be te- 
quired by Numbers, 
. Find the Angles by Caſe Fury ath. 

2. Then the Hypothenuſe e by 85 the 2d. 


The Square Root of the a of the . es of the two Legs 
* 


will be the Length of the Hypothenuſe, b 


_ Caſe VI. 
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"AB:AC:: AD : AE, by Ths 50 5. d le 


As the 7 Leg 64 —————— « 18061800 
To the Hypothenuſe . 9030900 
So is the adius . — — — —— ——=7 0,000000d 


— — — — 
To the Secant of the Angle at A 36“ 52 11" 4 —— 10 o ⁵9⁰ 


Whoſe Defect to a Quadrant, is the wan at C= 53" 07 48" 3, x 
by the. 5th Coroll. of the 4b Theo. * 


Or, J 
As the Hypothenuſe 80,- = — — — Sn 2 9030900 


To the Leg given 64 — — — 101800 
So is the ius. L·!„ß˖„ñ„ñ..ß ö 10.0200000 


— 


7 —„— 


To the Sine of the Angle at C 53* 07' 48" —— a 
Which being ſubſtrated from 90, 15 leave the Ang - ar A= 
365 52 11 + as 0g by the 175 Coroll. of the Fe — 


Caſe VII. 


The Hypothenuſe and one 1 being given to find the o- 
n ; zen of Abs 55 1 . 


49 
F | Or 5 
Becauſe by Theo. the 11th the Square Root of the Difference 


of the Squares of the Hypothenuſe and one of the Sides, will be 
the other. 


If to the Log el the Sum of the Hypotkenuſe an 
the Side A | 


Be added the Log, 0 


W the —5 2.1583625 
the Difference of the ame 16 1 2041 200 


3.36248 25 
Hulf & that Sum will be the Log of che Side ſought =48 1.68 12412 
This way of Reſolving the Caſe, being not ſo troubleſome as the 


former, nee 6e U bel before it; for which Reafon we 
recommend Re at RO d v heb 


SECT. W. 


the Reſolution the "Sis C ges. 0 led 
A m 197 of hon 


OR the more eaſ eaſy Performance of which, it is sean to-de- 
monſtrate ſome + Properties of Triangles. | 


Theorem 3 


In all Pi Trings, the Sides propos tothe Sr 
Wb 9 e. 


CB: DC. s. S LB. 
H | Goftrutiios. 


* 


. ® 
{ . C- 
" ** 5 
8 | 0 1 
——— 2 ũ nt rel 


| 000 KK N 
Conſtrultion. 6. 
Produce BC to E, till BE=CD, and let fill the Perpendiculars 
and D to- 


*. pd LH, which will be the Sines of the Angles at 
Radius B C, by Ax. the 1/2 of Secf. the ad, and it will be 


BC : BE=CD : : CH : EK, 5. 
BC : CD: : S,LD : 845, 4.4. 


2 Mo 1 tine 


ing let fall the ; Perpendicylr CH, It ml be 


= 21 81.80 Bo 1 c the 2d of Self the 2d. 


[ £0 > ot 


were CB; DC: : 8, D: ,, 2. d. cad 1 5 2 
PN IYER Ky. { my 4 A nn ny” * 
Theorem II. 25 


A eve Plain Triangle, it will be 
As the Sum of any two Sides: en 
Tangent of half the Sum *. their oppoſite Angles : to. the Tangent 
of alf their Difference. = 7 
| 1 11k Or, IN 
Of an Angle, which added to the half Sum, e the greater, or 
\JubſiraXed, gives the leſſer of che duo Angles. * 


c. 890 231, le FD. L835 DB 1 =DHK=HDB. 


* 


aan 1 Conſtrulion 


* 


Produce CB both if needful t Band ill CE CH 
be each equal to ene 5 i, 10 


Then will BE be e equal to the Sum of BC and = and BH equal 


to their Differ d De gr r 0 
Allo DCE dw 12 


the c 


2d;- 4} 13G \IF 


heir opt Ange, by wag 


Theo. 69 14 
e 2d of Prop. 
5 wit! be "ths 10 8 of HD io the Radlus 15 — th 
At DR he 125 ei of DHR=HDIS, by 4x; the l te ift of Tris 
Wherefore BE : 1. : DE : DK, by Thes X fer 


„. BCD. Je- TBD — 
| But 3 7. e. d. 


And CDH(=CHD)4 HDB(=KHD)=CDB, 4 4 Fir = Kay ue wy 


A ey R Theorers 


Theorem III. 


In every Plain Triangle, it wilt be 
As the longeſt Side © to · the Sum of the other two: w is the Dif- 
ference of — two Sides to the Difference of the two Segments of 


the Baſe, made by a Perpendicular mmm 
— reg 
On as 2 Cher with the Radius: 
CP, deſcribe the Semi-circle ADE. 
Ler the Lines DH, EK, ED, HK, be 


drawn. 
 Then'is the L HKB=DHK-+KDH, 


1 . EY EK 
a nd CT ts 


EB y Ax the 1. of $2. ther 
are 7 Theo. the th, 


Fr wil be 15 50 05 7 BH: B TI P my rp] 


A SH. ve 2 Mow: Duff =p SGH e 4 


0 be 281 Ares ye 2 1 Arr. off Ul ud B 


Theſe three Pro reaſon alfd of their great and 1 
— Are 1 ropertes, bye he Axiomy of — = 

whenever ETENCES are made dn eader ve: 
* Theovems... FR ; e baby her r N 


* 4 £35 >. Wd ez I — 614 ei 6 * 


— 


W 


=24RC N 2 . : * 5 0 Jp = 
| | HIPEFRE! 
Given two Sides and. an. Angle oppokte to one ge: wen, to find: 
the other oppo. Ange 185 
ö e Ny ge”, | | Example: 


%\ ey _ 3 =» * ” « * N 

mug? x A - * 7 - o - . > * . 4 ” — „ 

q COSGQOOSDT DO? 4, 10 rf fave . ON OLE SCA 30 
* R * , = 

£ " 0 19 -'v x” 1 * 
lag SHES ngo nb ft: kae. r De, ie 
«a 4. + : * a. - 4 . « 0 | 
IM 41 ** ">> CE a AY 37 — * W'S1 


BD 5 
Given tt Foy at B WR 


1 e wry he ping 


7. wig n 0 than Bc. 
make the Angle BCD=44* 30. 

2. Continue CD till it . 
to 78 of a Line of equal 

3. Then with the 6 of 96 
between the Points of the Com 
ſes, one Foot in D, with the Fa 
other croſs BC in B, and draw the Line DB. 


4- Then is the Triangle Soba and the Angle at B may be- 


- 
1 , 
— 


C meaſured hy a Line of Chords. 


01 Hin eee or by Calculation, 


"a 1 it & BD: Le De: S, LB, by Theo. the 1%, 
er Ax. the 2d of Tris. a —_— 


As the Side oppolite to the given Ade Kr 8 15822712 
To the Sine of the 5775 Angle 4% 20" Ee LY 8• 56618. 
So is the Side op n 78 —— ; 8920946 


To 2 42 52 3 — 97554852 


Having let fall the Perpendicular DA, Krill bo by Coe the 3d of 
Plain Triangles. - + 


— R: DC. S1. DR. 
. again by Caſe the 675. mn. 
IE BD : R: : DA: 8, LB. 


Nee e ons, in which the Radius is not concerned, are 
ork} by taking the Arithmetical Complement 22 


7 


r 


a 


hi i the Triangle” formed forba, 011) i they Amerie Fach other, in D 


As the Sine ofthe Angle e opyolice 


firſt, or oft Number, which is its Defe& to 10.0000000 ; for 


then the Sum of all the Terms wilt be the 47h ſought, as we ſhall 
ew when we n of ina a4 oh 


Caſe II. 


The Angles and one Side being given to find either of the other. 


F 
1 * 
. ven 
Py —_—  —— o - 
* 


7 | Ocomtiricah. 2 8 5 ſw 
: 1. Make ec 0 020 vs * 
. of equal parts. 


"Make the Angle at B val to 
_ 15% Alſo the Angle at C equal 


EE 961 
C 1 3. Continue the Lines BD nk DC 


4. And BD and DC may ſu of, 
but! to determine their- a L e Fe il en 


5 D. BC. 8 BD, by Ax. the 2d 5. 6. 


114* 30' 


; F 22 2 2 
To the Side given 120 — = 2 — — "os - 20791812 


So is the Sine of the Ang 0 fite to th ed 
Side 25* I —— gle —— . 9.299890 


To the Side value! 56, 25 ———— is 
5 m—_— 01473 
3 n ne 3 ik Jos INTELL 3 K I} i WHUAL. Y * x 0 * 7750 73 


FI. n Trago en ! > 
fg wager nel} % ir Or vi er de d Nn 


Having let fall the Perpendicular BA. upon the Side CB. produ- 
nd, if rel be it will be by Gee rie, Tring) | 


R : BC: 8, LC: BA. 


And a e a ape 
REY 4 8, ID: BA: IR _ 


* 
k * yo * | : G * 9 1 1 * A * * 1 , 3 5 i p ts , a” 1 8 — 
»Þ- Out 0 5918-7 | A e | Wd 35 „ 0 | 
þ „ - . L 1 P oo 


Two Sides and an Angle oppoſite to . of dem bein ven to 
find be ber Side d Bo 


IV Example. 


- 


«7 + * 


cp, 1 
N Sen 88 5 BC required. 
This Case is coftlugted ag 1 54 
* ft, an and BC may, be meafured 
2 Line of equal parts. 
But to determine BC by Calcula- 
uM: 


10.05 3 18 HEL; 


539 


5 E; oy x dns 


7 
Fes! 
* 1 "i. 
«4 2 &#.T%4 


* 1 
* 


SES X Pe 84 . Pf. n 
1 o4 b the _ 54, the common Peel and BD* 


> the de home ths Banat at the Balk MA 


5 
© 


AC Sele ae — 19 e wot 
The Logarithmetical A eee eee 


ſame wich Cæſe the Wl 
Cake W. Sp 


Two Sides and (66cm Angle bring given w fil the other 
oppoſite Angles. 


Exp 
CB 15 
Given BC =I 20 85 ls at D ee 
9580 96 


1 F'Y * 


+ 


Gedmerrically 
4, * * BC, and ſet off 
. n it 420 parts. 

p 8 ; | 97 Make the Angle DBC equal to 


- 25 115 
NJ & * Meeren ge 
4. on the Feng Hande the 
hr then is the Tria iſh- 
and the Angles at D and C may be 
meaſured by a Line of hd. y. 
The Numerical Solution of this Caſe, 
depends upon the 24 Theo. of this Seil. 
having found the Sum and Difference of 
the two Sides, ſubſtract the given Angle 
ES TER EL 
mal which w e of the 
r 45, 30” uriknown Angles Theo. the and it 
28 77 24 30 will be by che 24 Then or 3d Ax. of Trig. 
As the Sum of the two Sides BC 3 — 2. -_2:3344537 


To their Difference =24 ——=——— * — 1-3802112 
So is the Tangent of half the Sum of the Angles 10.64978 
D and C=77" 22 398 — _— Ca — 491 17 


a TT 37 : 
— — 


| To the Tangent of half their Difference * 04"'== 9.69 Vic 


— 


eee * 


Which being rw to the half Sum 77 22 30", gives 103* 
24 the grea e BDC, but ſub rated from 77” 22 30, 
leaves 50 95 26 ce lefler Angle BCD. 
.- Otherwiſe thus $4 
Let fall the Per ioular DA by Theo. the 18th. 
Then to find the t BA, 


Segmen 
It will be by Ciſe the 3d of Plain Triangles. 


1o 31 has -, Lou); Brad) Bo 1 BD': BA. 
175 e 


in it will be 
DIA: R: t, IBDA. 
DA: "AC : R: t, LADC, 
| Wherefore BA: AC: : DA t, LADC, or to ct, . 


Caſe V. * 


a Seat th cru ng by ras eee. 
ide 
| 1; Example... 
e aii Nee odd 1172 196. 
hh ci 48225 15 Joe ne . 
V BDO 5 

„eee yh hand DO may b mea 
by the Fine | 


— Js Bk 
Caleulation———— 3 2 


5 bY Wa 


No. Find hs and B 
es of C2 12 5 r 

50 

>} dun ess we" vi 


rite Hh wing gr joy iran 
a | I OIL Example. 


ru. Tm, 


"_ = TT» * # = 
- * ' W RY 4? x — 1 # — 


; BC it 20 * D 
Given Dae. It required 
W 6 


ally. Oy * 4 * „ 2 
11 8 M 3 „ » 4 „ 


10 0 : 36. W 1e and ſet off 
upon it 120 ts. 

5 | , With the Diſtance of 96 between 
the Points of the Compaſſes, ſetting 
one Foot in B. ſweep an Arch at D. 

3. Wich the Diſtance of 78, ſerving 
8 aofor oot in C, croſs the — Arch 

* 7 in 
4. From the Interſcction to the Points B and C, draw the Lines 


DB and DC, and the Triangle is compleat, and the ns les be 
found. by a Line of Chords, as uſually. 103 971! N 21K 15 


Logeritbaetically. 


| As: the Perpendicular DA, it will be by Ax. the 4b 
rig 


BC: BDC ;BD—DC: BA—AC, i. e. 
As the longer Sids 120 — — E \£0j91812 
| nmr £0792 1:4 enmrajoytbacs 
To'the Sum of the other two 174 — 2.240492 


So is their Difference 8. — 12552725 
To the Difference of the Segments of the Baſe 26, I. 14466405 


Which Pifferene rence 26, x added to the Baſe. 3 gives 146 1. the 
& 120, 8h des 93, 9 


Double of the ent BA , but 
the 1 5 of t vg 2 88 the Ang hy 

obo of the Baſe being obtained, es may 
erde by the 6th Caſe of Plain Fu. 


For, Df K. : BA: 78 £ BDA or es, Dt, 74: WT 
1 11 * | — | AS 


Flaum Trigondmetry. 55 
As BD 96 T ——ꝑ 19822712 


6 
i «tb „ ag ew , „. -. y 


To the Radius -— — 


— ä — — — — 10. o 000000 
So is BA 73 5 — — — —— 1.836202 


To the Sine of the (1 { BDA 995 320 il — 5 '9.8813499 


Whoſe Corplement to to a Quadrant, i the Angle DBC 40? 27 11 
_—_— _ R. 1 i. e. L 


a * 72 SF. %. 


E. 22046 


To the Radius — — — — — 10.0200000 
So is AC 46, 95  ——— —— — 


— 7.6355 
To the Sine of the Angle cb 37? oo 28·—.— 97—jUbKꝭů ö 


N being ſubſtracted from 905, 9 the kagleDCB 52 59 32% 
Now BDA4-CDA= — — — 863317 


I have omitted the Logari ow e ng to the 
Proportions deduced 2 ene Bl the P ular. beau 


the other Methods are proverb i to them, (tho am apt to believe, 
that in Tome Caſes they may be — MN with as little trouble) 


25 eaſon of + fins them being onl tothew the exten- 
Me of the tf 2 and 11th e, | 


947 48 


1 fi 
Az 


80 B. Before ihe Rhader enter upon t Navigation, ! _ 44 
... viſe bia to read over, and be 2 pg 222 with the Cireles 


the Sphere ; the Definitions of which he will meet with in the 
Lee Pa) | renn 


SSD 4 


yrs »} 
1 * Nr 


*, 


"A | . " ho K 
Ne 1. N 0 , 
4 + " 
. : 1 4 d 


þ ts Wa}; #1 01 


- 
" * n * 
* "wy l þ Af 
„ | 


„ | 


Plain „eee L 


— . ö 2 — 


Pp A R T* 4 
of N: lavigation. 


LY ej} 


| HE g eat End and Buſineſs If Navigation, is "£0 inltru&t 
uſtrious Mariner how he may Conduct his Ship 


2 ſhorteſt way, and in the ſhorteſt time poſſible be- 
teen any. two laces aſpgn B Navigable. 
. the Places propoſed. be at no great Di t ſo that a Ship 


y fail within fight of Land or Sounding, 8 between Englan 

Holland and France, &c. it is more properly 7 Coaſting ; for 
the Performance of which, there. is. required. only the Compaſs, 
Lead or Sounding-Line, and a competent Knowledge of the Nature 


of the Coaſts. 
But how to Conduct a Ship through the wide and pathileſs Oce- 


an, where nothing is to be ſeen for a confiderable time but Sky and 
Water, is the proper Buſineſs of Navigation, and ſhall be the Sub- 


of the enfuing Treatiſe. 
For the due and regular Performance of which, there i is requiſite, 


true and perfect Knowledge of the Diſtance and Scituation 
of the laces, as to the Latitude, Longirude, and Courſe. 
2. Inſtruments for * and waning the My s Way and 


Curls 


Flain Trigomumetr. GI. 
* Courſe ſteered, ſuch as the Log-Line, Compaſs, Lead-Line, Half. 
Minute Glaſs, 


3. Inſtruments for Cceleſtial Obſervations, ſuch as the Quadrant, 
Tore alf, Azimuth-Compaſs, c. to meaſure the Heights, Diſtan- 


ces and Azimuths of the Sun and Stars, for + the Hour of 


the Day and Night, Alterations .of 22 1 and correcting the 


Courſe, together with Charts or Maps, for pric down the Ship 8 
way. 

4. A competent Knowledg e of the Natur of Currents, of the 
Mould and Trim of the Skip, and the Sail e bears, that ſo due 
Allowance may bemade for Lee- Way. 

5. Skill in the Navigator: So that by the tielp o of theſe, he may 
be able to know at all times the place the. Ship. is in, how far ſhe 
hath to fail, and which way, or pon what Courſe to gain her in- 
tended Fort. J 


F or the 8 of which, there are generally gives, : | 


The Latitude and Longitude, both of the Place you are to 
Gail from, and of the Place you are to fail to; by the help of which 
may be found. 


2. Upon what Courſe, and how far the Ship muſt fail. 


3- The Account of the Ship's way obtained by the 100 and 


Compaſs. | 
4- The Latitude of the Place the Ship. is in by Obſervation. | 


Ho to order and manage theſe, ſo as to produce the neceſſary 
2ueſita_ ſhall be ſhewn at large hereafter ; for the better undet 


ing of which, it is very convenient to ares rw ſome Trans already 


made uſe of. | . 2 


I. Latitude 3 is the neareſt Diſtance of any ol ce from the Equino- 
dial, and is meaſured by an Arch of the Meridian intercepted he- 
tween the Place and the Eguinoctial, and therefore can never exceed 
90*, and takes irs Denomination according as the Place is ſeituated, 
either to the Northward or Southard of the ſame. - 

Wherefore all Places that lye at the ſame Diſtances from, and on 
the ſame Pe ee, are ue e er Parallel 
* , 3318 

WTO? 280 l Denner rolh 


— 


- . - 
* * 
. % 
1 - 


: 7 which is ſtiled Sailing under the fame Meridian) ſhe increaſes her 


Plain . 
Cal. Whence it ſollons, f 
1. That if NE from. a : 8 Feeney Anh 7 e ; 


Okt by 


titude juſt ſo much as is her Diſtance failed. 
If it be reduced Se Mk c (allowing Mil 
t be reduced into inu allowing 60 Miles 
to a Degree, the Reaſon of which we ſhall ſhew hereafter) and ad- 


ded to the Latirude the Ship ſailed an the Sum will be the Lati- 
rude the Ship is in. 4 


2. If a Ship fail from a 5 North . Latitude, esl $ Suh 


ſhe decreaſes her Latitude as much 2s is her Dünen, failed. 16.5 
Wherefore, © © 01 fe 

Ik it be firſt reduced and ſubſtracted from the Latitude the Ship 

Aled from, the remainder will be the E the _ is in. 


oy d r 
1 1 . | \ \ 


— 


Wd = has x 3 
* - 


4 | * Exanyle.. Gs 
if a Ship the Latitude 34 30 North aus 144 OE wt 

it be TT the Latitude the Ship is in. 
A failed directly North, then by Coroll. the 1 Fr: 


SS & 4 


To the Latitude the Ship failed from : 24*3&N: 
Add che Diſtance failed reduced -— — — 2 24 Ny. 
Sum is the Latitude the Ship FINS e 


* 174 
be ids Gt 4 


If the Sum exceed 90®, (as can't wal 1 thak its Comple- 
ment to 186* will be the Latitude the ſame way. e 


But if ſhe failed directhy South, then by Coroll, the 24. | 4 


tem the Latitude the Ship Alle eu e 24 30 N. bs 
. — 224 A. 


Remains the Laticude the Ship is in— * 


—— 32 06 N. : 
II in this la Cate it fo. W Diſtance! failed be more | 
than the Latitude, the Ship has croſſed the Equinoia/ Line, and as 
the'Sailors uſually term it, depreſſed one Pole and raiſed the other; 
'. 


and 


Plain Bees. 2 '63 
and the Exceſs of the Diſtance' failed above the Latitude, is the La- 
utude the wy is in tho eantrary way to vrhat it was before. 


; * . * 


A Ship from the Latitude 1* 20 South fails arsch North, until 


bat rere reg be 271 Mikes I demand the rer the Ship 
is #4 [7 doh 16 { 


From the Diſtance ſailed reduced 3 17'Nly. 
Subſtract : en er 1 29 8. 
b om * 

W 


. 
| 2 7 Difference of Latitude is the neareſt Diſtance of two Places 
under the fame Meridian, or the neareſt Diſtance of the Parallels of 


Latitude, paſling through the ſame or any oi two A ſcituated 
whereſoever; and is found, me N 


If the Latirudes are ne fone"? 


F 4 : 


ie ke. 


EUR ea eee Bnanpl — ft. 


{> <4 ith I — —— ——— — K — ˖( „ Ir ors 3 191 | Fi 


Lis ge- ue e AN . * N. 
Ded land of 4 Cape St. Vincent — —— 37 00 N. | 


[Remainder n the Difference of Lo.. 13 10 a 
** e are . 


Ks „ es LOI Sho. fo rt Don 1 | — ii 1 


Laas of J he Cape 8. 5 eng 2 S. 


Sum j is the gee of Latitude - 3 dn «13. 48. 


N as beben die dairon on 


2 5 1 1 ne a 1 ern} 
3. Le 0. ba two Meridia, 1, 6 cept 


2 


Om 


64 A; 


through the'phice, the orher-througlvany! place aſſigned at pleaſure, 
and is — by an Arch of the H⁰νj,iwial contained glxts 
them, and may be counted either Eaſt toard till it end where it firſt 

began, or rather increaſing both ward} ly and wa ad till ir 
endi in the enn een 


My ; L 
CY S 


0. Wa 28 Ren ' Wherofolty: aer 2106] 
* If a Sp 6 ail directly under the E vator, or which 3 is : the fame 
ng under the Parallel of © Degrees, 1 aer ber Longirude or 
2 much as is her Diſtance failed. | 
is. £ - Wherefore, | 
--.IE-t9-or_from-the Lois Witt Gailed FR) L 
| ſabſtrafted, according as the Caſe 1 the Diſtance failed, 


. as for the Latitudes) the Sum or 
ongitude of the place the Ship is in. 


| Brinpte. | „ 


K. 1 4A 


, » . 
: i $ . ey a ” " 9 % Pf * 

. » i - J 4 
4 \ ö 4 13 — 8 36 [ . —_— * . 2 .* | 


| A Ship b. being under the K Kelle in the 1.6ngitide of Te 46, 
Jails 124 Niles; ; : demand Longitude the Sp is in? 


il we Longitude be 122 rand, bt and the Dilfance J,7 e 


To the Bine the eee eee eee 9 30˙ 
Add the Diſtance failed reduced 2 04 


0 the Longitude e of the place the + Ship is in —. 
Y | If the Longitude beg roy; L.. che D 


Ne Ntuar 
— twardly 
0 _\ x; 
rom the Lo itude the Ship 115 ines — — — N 0 


Remains whe Lirias 1 is n — — KR — 25 


— Amos S135! $2190 
If in reckoning the Longitude both Ear dy and Weſtwardly 
from the ſame Meridian, (which' is much the ; Fro way, if che 


e Meridien were well fatled.) the Sum exceed. * * IA 


© +» 
: >" 


will be the 8 


- 
1 
4. 
* 

þ 
25 
2 


ſtract it from 360 D 


ces, and che Renhindet will be the Longi. 
tude of the place the 


«A in the contrary way. 
And if it ſo ha t the Diſtance Giled exceed the [og 
tude, then ſubſtra from the Diſtance failed, and the 
Remainder will be the Longitude of the place the Ship is in on the 
contrary fide of the firſt Meridian. 


Coroll: | 7 

4. But if the Ship Gail wall any other of the Parallels of Lati- 
tude, ſhe alters not her Longitude according to her Diſtance failed, 
but mote, and that in the Proportion of the or to the Parallel 
under which: ſhe: fails,” which is as the Co- ſine of the Latitude 
to the Radius, (as we ſhall 8 heteafter) and the Di · 


e 5 $9 ieee, W, 


| Nen Diſtance oß two wh Wide the" 

fine Parallel, numbered tap: of ay NY ing unde but - 

4 5 — may be (and is, wichout ſenſible Error) confider- 
A8 4 eight Li 1804 lese | | 
5. Dillerengs of Longitude i as Arch of the Equator A ' 


Oe Loni cam on Ee ul * e 
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6. For 4 the Courſe of che Wunde and to diſcover 
their various s enen os Shifrings, the Horizon is uſually divi- 


1 * 


which is towards the right Hand when the Face is directed Noth; 


ir us conan tay the Meridiae Eaft', and that which extends 
ws having their Denomina- 

4955 compounded dene ie 00 cx fide''of 
4 in | he fol And over which ſoever 


the Courſe of _ than Wind takes 
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Beſt piace _ a little inclined tot, and conſequently the other in- 
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A Table of the An ples 
mw 7. « Compeſs 


which every Rhomb ( or Foint 
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Hence it is plain, that if a Ship ſail between the Meridian and 

the Eaſt or Weft Line, ſhe alters both her Latitude and Longitude, and 
that more or leſs, according as the Rhomb-Line,upon which ſhe ſails, is 
nearer to, or farther from the Meridian; and in order to determine 
the Juſt quantity of each, we ſhall premiſe what is abundantly ma- 
nifeſt from the foregoing, - — N N 
- That the Difference of Latitude, Diſtance failed, and Departure 
from a nghwangled- Triangle, the Courſe being the Angle oppoſite 
to the Departure; and therefore from any two of theſe, how to 
find the reſt, ( by the help of Trigonometry) ſhall be ſhewn in the 
next Section. ers. 
And before we conclude this, it may not be amiſs to give. ſome 
Account of the Method uſed by our Sea-men for meaſuring the 
Ship's way, or how far ſhe runs in any known time, which is done 
by the help of the Log-Line and Half-minute Glaſs. The Log is. 
only a piece of Wood, which being tyed to a Line and caſt ever- 
board, and the Line veered out as faft as the . ab carry it away, 
or rather as the Ship ſails from it, ſhews, according to the times of 
its veering, by the help of certain Spaces.called Knots, (which be- 
gin at about 10 Fathom from the Log, that ſo the may be out 
of the Eddy of the „ Wake) how far ſhe has failed, and conſe- 
quently her rate of Sailing. 1 

And therefore to determine how many Miles ſhe fails in an Hour 
the Diſtance between Knot and Knot ought to be ſuch a proportional 
part of a Sea Mile, inn a 2 the Meridi 
as half a Minute the time allowed for the Experiment, is of an 
Hour, which is . 1 en 

Every Degree of the Meridian contains (according to Mr. Nor- 
wood's Obſervation, with which the French nearly agree) 69, 54 
Engliſh Miles, each Mile being by the Statute 1760 Yards, or 5280 

cet. on 
So that à Degree of the Meridian contains 122400 Vards, or 
367200 Feet. 256 KS 

And conſequently the true Space between Knot and Knot, ought 
to be 51 Feet. 

So that the Diſtance berween each Knot being the ſame part of a 
Sea Mile, as the Half-minute Glaſs is of an Hour, it follows, that 
ſo many ts as ſhe ſails in a.Half-minute Glaſs, ſa many Miles 
ſhe runs in an Hour. . 1 
ut. 
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But conſidering, that the Ship's way is really more than is given 


1 Log that „ is more ſafe to have the Reckoning 
a the Ship, it may not be amiſs — 2 — 
Foes and make the * dere the Knots, as Mr. Norwood has 
done, to be 50 Feet exactly, our Sea-men make _the Diſtance 
_ 42 Feet, wing Mat 50 8 / 40 yg _ a and 
common Experience, have been forced to leſſen -minute. 
about five Seconds, which is but really — one Blun- 
der by another; and it were to be wi Nat thay would uſe the 
tormer Method, ſeeing it is in every as eaſy, and much more 
ſure and certain. | 
We ſhall reſerve the ConſtruQtion and Uſe of the other Inſtru- 
ments mentioned in this Seftion, for a more u as place, and 
. haſten to ſhew what we propoſed, vis. in 


SECT. II. 


05 
—— ˖ 
— 2». _ wy — — — 
* * — —— 


The Reſolution of the ſeveral Caſes of Flair Sailing, 
relating to a Single Courſe. 


Caſe I. 


NE Latitude, Courſe and Diſtance ſailed being given, to find 
the other Latitude and Departure from the Meridian. 


Example. 


If a Ship from the Latitude 50? 10 N. ſails 8. WW. by S. 57, 5 
Miles, and it be required to find what Latitude ſhe is in, and 
Far ſha hath departed from her firſt Meridian, 

1ſt. Geome- 


Navigation. 77 
. Geometrically. x 


Let AB repreſent the Meridian of A, the 
place ſhe departed from. 


1. Make the 3 BAC=3 =32* 45". 
2. Continue AC till it 4 ſual to the 
2 failed OF" Miles, and let fall the 
then will C be the 
ce the Ship is in, CB the Departure 
=; the Meridian, and AB the Alteration 
Latitude: To find either of which A- 
dune, tho? there are three ſeveral 
.yet in this and the following, we 


| only make uſe of one, and that which ſeems welt ready for 
ice. 


1. To find the Departure. from the Meridian, it will be 
R: AC: s, I CAB: CB, oy :Ca/e th 34 of Sell. the 30. 


8. 


To the Diſtance failed 57. . 
So is the Sine of the Courſe N — — 9:7447390 


To the Departure 31,95 Miles —- = — 5044068 
Aud 10 much is the Ship to the IVeſtword of ter ſt Meridien. 


, % tf the Phones of Latitude; it will be 
R:AC::s, L, ACB: AB, by Geſe the 3d of Sed 62 


A the n. Sr 


— — pn e ©OQDOOCeE 


So is the CEE of the 23345 ʒmuͤ—U—:qa 4 9198464 
To the Difference of Latitude 1 —ů—ů—ů— 26795142 
3. To find the Latitude the Ship is in, becauſe ſhe failed towards 


. ** 


From 


As the Radius = — 15 — — A1 —— — I 0.090@O0000 » 


1.7596678 
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1 Navigation. 


From the ä f uiled from) 50 10' N. 
Sublt. the Difference of 5 Latitude ſhe ; has made 0 o 48 fere. 
Remains the iT" of is in 949 32 N. 


By reaſon ſometimes of the Unſteadineſs of the Winds, Swelli 
- of the Seas, unknown Currents, ſetting with or againſt the Courſe 
of the Ship, and ſeveral other Accidents, the eſtimate Diſtance by 
the. Log, is vitiated ; and conſequently the Difference of Latitude 
and Departure thus found, is naught, and not to be relied on. The 
Navigator muſt be ſure therefore, ſo ſoon as the Sun or Stars ap- 
pear, to find the Latitude by Obſervation, according to the Directi- 
ons in the latter part of this Treatiſe ; Which if found to diſagree 
with the Latitude deduced by this Caſe, the Difference between the 
Latitude you departed from, and the ſt obſerved Latitude, muſt 
be taken : And with this true Difference of the Latitude and the 
Courſe, find the Diſtance and Departure by the following Coſe. . 


2 | 9 3 F 
| 55 F d-$ : 9 0 1 4 E „ g 5 8 
1 ale II. 4 


The Courſe and Difference of Latitude being given, to find the 
| Diſtance failed, and Departure. IO pn tHe 


8 Eriapr. 5 805 
A Ship from the Latitude 50% 10 N. fails S. W. by S. until ſhe 

be in the Latitude 49 18 N. I demand the Diſtance failed and 

Departure from the Meridian? 5 HO 


CY 


, 


Becauſe the Ship's Courſe is Sourhwardhy. 


From | J the Latitude the Ship Bel J 90 18. 15 


F to — 49 18 
Remains the Difference of Latitude 0 32 
Therefore 1 N * PY 77 + bas ys > : : 


Geometrically, 


1. Make AB equal to the Difference of Latitade 52, and mite 
the Perpendi ar BC. 1 TY Mak 
3 | 2. Make 


* 


| „r or . Ae bn ein en EEE Re SS = 
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2. Make the Angle BAC equal to the 
Courſe 33, 45, and continue AC till it meet 


the Perpendicular in C; then is AC the 
Diſtance ſailed: To find which 


Arithmeticall : 


It will bes, Lat C: AB:: R: AC, by 
Caſe the 1/t Se. the 3d, i.e. 


As the Co · ſine of the Courſe 33% 459 ——=———— 9.9 798464 
To the Difference of Latitude 822 ͥͤ— . 14160033 
So is the Radius — — 0 o 00 οο 


To the Diſtance ſailed 62,54 Miles — 61 1. 7961569 


But to find the Departure or Weſting, it will be R: AB : : t. Lat 
A : BC, by Caſe the 54 Sell the 54. : 15 


As the Radius aa ln 10.0000000 : 
115 | 

& 1 . 2— 1.160033 
— , 


To the Departute 34,74 Miles — 1.548959 


And fo much is ſhe to the Weſtward of her firſt Meridian. 

But if having no Reaſon to ſuſpeft the Diftance failed for the 
former, or any other Reaſons, and are aſſured in your ſelf of ha- 
ving made a good Eſtimate thereof, but miſtruſt the Care of him 
that St that he has let her yaw or fall off, or that you have 
neglefted the Variation, or met with thwart Currents, with 
the true Difference of Latitude, and the Diſtance, find the Courſe 
and Departure by the following. 11 


Caſe III. 


The Difference of Latitude and Diſtance ſailed being given, to 
find the Courſe and Departure from the Meridian. 
To L Example 


and the 


' rence of Latitude 5 88 


R. AC::s, LA: Be 'y c the 34 Sethe 3% 


74 W 2 155 
' Example.” L OY a Th 


A pip from the Larickls 50® ro' Nerth, fails bitivenn the 10350 

until her Diſtance ſalſed be 57:5 Miles and then by 
Obſerrmion,” is found. to be in the Latitude of 455 20 North; 1 
defire to know her true Courſe and Departure? 


From from — . 50“ 10' N. 
Take - the Latitude the Ship failed + 10 49 20 N. 


—ů—— —[„ é 


Ul the Difletenc of Latitude — ou ttt nn © JO 


_ Geometrically. 
equal te dhe Dille-- 5 


x. Let AB be made 


a. Becauſe the Courſe is Southwardh, 
on B raiſe the P icular BC. Any 
3. With the Diſtance ſ. lled between the 800 
Compaſſes, ſetting one Foot in A, the 
place departed from, with the other croſs 
the "Serpeadicular in C, which is the 
the Skip is in; and therefore the Angle 

BAC, | Groth Conrle : "To termine" » 
which Þ > © .————— 74 1. 2¹ pb... 0 


— — « CAS oe 


© 686 C 3 0 . 
W 4 : „ 9 . Wo — 7 4 * 
y * 7 4 * = — r — * = way ” 
4 1 us if 1 — c . a 6 * 
*. "A 1 — a 4 
2 „% n - * 


184 K, 


8 7 21 — — Icly. © 
keine gc R: AB CEA, u cg the 6b Sed. the 3d, i.e. 


As the Diftane 1 5 3 = r eee 259525 


7 20 4 4 


80 8 te eee lader iy. — — 1. 8989 7 
6 * ; \ ) | R 8 


9. 8393022 


Which, becauſe ſhe alen between the South and the Weſt, is 
8. S. W. 7* 5 3 Weſtwardly.. 


No, o Eil de. epatrare, it will be r 10 _ Ro 


Tot the Co-fine of the Courſe 2953 5a — 


i. c. 
A 
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— — 90 1 E. 4: 28.44.10 | * 1 21 
As the Kd —— — nm 10.0000000 


—y_ Cm 


To the Diſtance failed 57 57, — — — 1 7596678 


So is the Sine of the Co 33 — —— 9.935669 


— — 


To the Departure 26.99 Miles We eftwardly . 1.4532347 


"0 the Difference of Latitude and Departure between the Ship and 
any other place be known, then the {lowing Caſe is of great Uſe 


for determining the Rhomb upon which the 1 muſt {ai and 


how far, 
i deute TV: 


LEE „„ © — - 


© The Difference of Latitude and Departure being given, to fin 
the direct Courls- and Dillance. - 


* 


eee Example, 


9 * 2 
— — I a — i F Yi 


© 12Y 1 


"Admit a Ship in the Latitude 40˙ 10 North, is \ bout to a Port 
in the Lands 11. o Npreb, the Departure between the places 


From * ſt ; h 21 
nl as — =" 10 4 


- . 
ech Lad 03 dig — a. eee 


1. Make ABequale 52 Miles, the DiE p ne 1013 16 316.4 a0 Fus? 
ference of Latitu 


© Rai the II equal to 
the rture en iS 4 le 1 * 
A I: Toth he ; f 74 


111 


— TS 1 1 


It will be BA: R.:: BC t, LA, by Ca 
de 47h of ed, the 3d +, TE aſe 


Miles E Tae d u h the 
to Kir e e ag beg: 1 Firm 
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As the Difference of Latitude 52, —————— 17160033 


ITO? SOT 32 
To the Radius —— —— = = —- a —— 1 0,59000000 
So is the Departure 33 ——— e 5185139 


To the Tangent of rhe true Courſe 32, 24 3 —— 9 8025 106 


Fans becauſe it is between the North and the Eoft, i is N. E. by N. 
0 2 Northwardly, or N. N. E 9, 54 3 1 Eaftwardly. 


2. To find the Diſtance the Ship-muſt fail, it will be 
„ LA:BC::R, AC, by Caſe the 2d of Sed. the 3d. i.e. 


As tbe Sine of the Courſe 32, 24 ——————— 9.729028 
To the Departure 33 eee 1.5185 139 
So is the Radius — === —. .. [c. ooooooo 
To the Diſtance ſhe muſt ſail 6 155 — 17894521 


I bor want of a parfett Knowledge of the Latitude of the place 
you was to ſail. to, you miſſed the ſame, bur made an exatt Elfi. 
mate of the Diftance Failed b the Log; then may the Latitude of 
the place the Ship is in, Ar N 
known by the following Caſe. en | 


& Ski 2 18 Gals between the 
un er Departure 23 Miles; I demand 
iled, and the Latitude ſhe is in ? : 


40* 10 North, Gils between the North pk 


ala. : 


= * Haw og. edi ONES X = 
1 S — — T 


g 
| 
i 


| bands. tbl wed MY * Da? | 
I N FF R W 
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r. Having drawn the Meridian AB, e- 
rect the Nr icular BC equal to the De» B.. 1... „C 
parture 33 Miles; then i 
2. With the Diſtance ſailed between the 
Points of the Compaſſes, ſetting one Foot : 
in C, the place the Ship i is in, the other 15 
will croſs the Meridian in A, the place : 
departed from , and the Courſe may be 


found, 


Arubmetically, i . 
By Caſe the 4h of Sect. the 3d, AC: R:: BC: e 1. 


As the Diſtance failed 59 —— ————c——— - 2 77085 20 
To the Radius -- m— 7 0.0000000 
So is the Departure 33 —— —— I... 


To the Sine of the direct Courſe 34,002 » — — 97476619 


Or N. E. by N. 0.15 Eaſtwardly. 

To find the Difference of Latitude made, it will be by Caſẽ the 
zd of Sed. the 3d. _ 
t, Lat A: BC :: R: AB. e. 


As the Tangent of the Courſe 34.00 .. 98291295 


To the 8 
0 — 33 — — — 1.51 5139 
So is the — — — — 


To the Difference of Latitude 48. 2 —— 1.6893844 


Now, to ſind the Latitude the Ship i is in, becauſe ſhe bee oem 
4 North Latitude Northwardly. 


To the Latitude ſhe failed from ·ĩç—„.v' ' 40* 10 N. 
Add the Difference of Latitude made - 0 49 


Sum is the Latitude the Ship is in —— —-—V— 40 59 N. 


iN 
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If the Diſtance run, eſtimated by the Log, be not ſufficiently 
exact for the Reaſons given in Caſe the 1½, but you are well 
aſſured of your Courſe , then by the following Caſe may be found 
the true Diſtance ſailed, as alſo the Latitude the Ship is in. q 


Caſe VI. 


One Latitude, Courſe and Departure bei iven, to find 
Latitude the Ship i is in, and her Diſtance filled. g * 0 


A 


A Ship from the Latitude 40˙ 10 North, fails b N. E. * N. 


Eaſtwardly, until her Denman be 33 Miles; I demand tt 
ſtance Galled, en the Ship is in? 


 Geametricall ly. 


e 

The A ngle of the Courſ ſs / BC being 
make ual to 3 4, or 36“ 34, 

ith the- 23, draw DC 

-allel to the Meridian, till it meet AC 

produced in C, which will be the place 

the Ship is in, and AC nn. a. 

ed: To find which 


Numerically or by Calculation, Tot a4 
Sed, the 3d, „1A. BC: R. AG i. e. 


- - By Gyje the 3d of 


As the Sine of - | 
— the Courſe 36. 34- — —— 9. 7750697 
So is the ure 32 A BR 1. 5185139 
be the D _ Radius, — — po” — = Dees 
0 252777 
iſtance ſailed 55.39 Mues — — 1.7434442 
But 3 7 
for the Difference of Latiry ir will be the In of 
Sh. the 36 de, wy 57 | 
* =. t, LA: BC: : R AB i. e. ns e177 et (OMG 


oth | As 


As the Tangent of the Courſe 36.34 ———— iͤ— 9.8702553 


To the Difference of Latitude a gg ——— 
Becauſe the Courſe is the ſame way with the Latitude. 


fo the Tatitade the Ship failed from . 4 10". 
Add the Difference of Latitude made 442 


* 


* — _ _c_ 


Sum is the Latitude the Slip is in. 7 54 N 


If the re given be not ſo true as it ought to be, and be- 
ing well aſſured of the Courſe and Diſtance run, the place the Ship 
is in, may be gotten by Caſe the 1ſt of this Section, and then the 
Courſe and Diſtance ſhe mult make by Caſe the 47h. 


— — — | 8 | 
SCT. II. 


* 


1 


— 
. 


Eing the Application of the DpAtine of * . Plain 
24 11 „to the Reſolution of a Traverſe or compound 
2. . ; ' 5 

A Traverſe or com Courſe, is, when a Ship upon the ſhift- 
ing of the Winds, fails upon ſeveral Courſes in any ſpace of rime. 

Io refolve a Traverſe, is, ſo to order and compound the ſeveral 
Courſes and Diſtances obtained by the Log and Compaſs; that 
the Induſtrious Mariner may know at all times the place the Ship 

is in, and be able to determine how far, and upon what Courſe he 
muſt fail to gain his intended Port. 4 f 
I ſhall give a Solution only of one, and that the moſt general and 
uſeful as may be; which being well underſtood, will be ſufficient 
for the Learner's Purpoſe, Ar tcet ans N "TY 


Baanple. | 


do Navigation. 
| Example. 0 


A Ship being at Sea in the Latitude of 1) 19' N. is bound to 2 
Port in the Latitude 13* oo N. the Departure between the Shi 
and the place, being 180 Miles W. and therefore the direct Courls 
by Caſe the 4th, wiltbe S.W.by S. 2* Wly, and Diftance 308 Miles; 
but finding the Wind variable from the 8. by E. to S. and ſo to the 
S. S. W. and W. a ſmall Gale and ſmooth Water, plies upon theſe 
ſeveral Courſes, with the Diſtances on each Courſe obtained by the 
Log, as follows. | 


*Lar-board Tack on Board, Wind variable from S. by E. to S. S. W. 
S8. W. by W. 27 Miles W. S. W. 2 W. 30 Miles W. by S. 25 Miles 
W. by N. 18 Miles. | * 


$tar-board Tack on Board, Wind ſhifting from 8. S. W. ts 

""SSE 22 Miles. 8. 8. E. Ey 2) Mil 8. by E. 25 Mites, 8 
8. E. 32 S. E. 3 Ely 2 es, 25 31 

Miles, S. S. E. 39 Miles. N | 


I demand the Latitude of the place the Ship is in, and her De- 
parture from the Meridian; as alſo upon what Courſe, if poſſible, 
and how far ſhe mult fail to obtain her deſired Port. 


Geometrically, - - 2 oe: 


Let A repreſent the mace the Ship is in, and ASD the Meridian, 
make AD equal to the Difference of Latitude 250, and perpendicu- 
lar thereto draw PD the Departure, equal to 180 ; then is P the 
Port the Ship muſt fail ro, AP the Diſtance, and the Angle, PAD 
the Courſe. See the Figure of the plain Chart. | 
But to find the place of the Ship at the end of the ſeveral Courſes. 


1. Draw the S. W. by S. Line, and ſet off the Diſtance 1 
it, from A to b, which will be the place of the Ship at the end of 
the firſt Courſe. 8 

2. From b, draw the Line bc equal to 30, the ſecond Diſtance, 
and parallel to Am, the W. S. W. 2 W. Line; then will c be the 
place of the Ship at the end of the ſecond Courſe. 


C2 
ire . LT ö 


3. From 


eee Pr DEC hed a bo ICS r . 
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5 Navigation. 8· 
3. From c draw cd parallel to Ao, the W. by S. Line, and ſet off 
upon it 25 Miles from c to d, which will be the place of the Ship 
at the end of the third Courſe. 4 | 
And proceeding in like manner by drawing Lines from the place 
laſt found parallel to the ſeveral Courſes drawn in the Quadrants, 
and equal to the ſeveral Diſtances upon each Courſe, will give the 
ſev er efghik, to which the Ship arrived at, and k the 
place of the Ship at the end of the ſeveral Courſes, 
Laſtly, Having drawn the Lines KA, KH, KR and KP. KA, will 
be the neareſt Diſtance of the Ship from her firſt — KAH the 
Courſe, KH the Weſt, and AH the Difference of Lati- 
tude Southwardly, the Ship has made. KR the Exceſs of AD a- 
bove AH, the Difference of Latitude between the Ship and the place 
in this Caſe Southwardly, PR the Difference between PD, KH 
the re Weſt ; alſo KP the Diſtance, and the Angle PKR, 
the Courſe upon which ſhe muſt ſteer, if poſſible to arrive at it. 
- To find all which Trigonometrically, muſt be found firſt according 
to Caſe the It of the laſt Se. The ſeveral Differences of Latitude 
and proper to the ſeveral Courſes and Diſtances run, as 
in the following manner : - 00 | | 

W. 27 Miles. fd 


1. Courſe 8. W. by 

Radius — — 10. oοοοο ο Radius ——————10.0000000 
Diſtance Sail'd 27== 1.4313637 Diſtance Sail'd 27-= 1.4313637 
Courſe 56.15 —— 9.9198464 cs, Courſe 55.15 — 9.7447399 


re 22.45 —— 1.3512101 Diff. Lat. 15.00 — 1.176102 
hoe 2. Courſe W. S. W. 3 W. 30. * 
ICIS 


— 10,0000000 . Radius ——= ——— 10.0000000 
Diſtance Sail'd 30 = 1:4771212 DiſtanceSail'd 30— 14771212 
8, Courſe 73.07 9.9808657 cs, Courſe 53.07 — 9-4630323 
Departure 28.71 14579869 Diff. of Lat. 8.71 — . 9401535 
After this manner muſt the Difference of Latitude and Departure 
for every Courſe and Diſtance be found; but I ſhall omit the O- 


perations for Brevity ſake, as well as for the Improvement of the 
young Student. + brian 1 


No, from the. ſeveral Differences of Latitude and Departure, 


thus deduced from the Courſes and Diſtances obtained by the Log 
and Compaſs, may be found the Li wh of the place the Ship is 
0 | F i 1p. 


> : | 

32 Navigation. 
in, and how far ſhe is to the Eaſtward or Weſtward of her firſt 
Meridian, by diſpoſing of them as in the following Table, 
called The Traverſe Table, which conſiſts of five Columes; in the 
firſt of which muſt be placed the ſeveral Courſes and Diſtances, in 


the other the Differences 'of Latitude and Departure deduced from 
according as the Courſes are, i. e. if the Courſe be North 


Sac 
550 ove Cthe Difference of Latitude muſt be placed under the 
Colume N. and the Departure under the Columes of , * but 


if the Courſe be South J afwaniliy g then the Departure muſt be 


as before, and the Difference of Latitude under the South: 
ch —— 8 8 

lume e Northings, Southings, Eaſtings eſtings 
that the Ship has made. > SES 
- Wherefore if the Sum of the Northings exceed the Seuthings, it 
ws, that the Ship is to the Northward of her firſt place, and 
that juſt as much as is the Exceſs, and the contrary, in like manner, 
if the Sum of the Eaſtings exceed the Weſtings the Ship is to the 
 Eaftward of her firſt Meridian, otherwiſe to the Weſtward, 


| — The Traverſe Table. 


* 


7 88. 


Navigation. | 83 


Hence it is manifeſt, that the Ship is 47.38 Mil to the Weſt 
ward, and 169.33 Miles to the Sout — of her fifſt place; and 
therefore the whole Difference of Latitude 249 Southwardly. 


Wherefore becauſe the Latitude of the place ſhe failed from, 
WS 5 
From the Latitude departed from — a eee —17˙ 10% N. 


Take the Difference of Latitude made —— — 2 495 Sly. 
Remains the Latitude the Ship is. in — —14 204N. 
- Now, to find the direct Courſe.it will be by Cafe the 6th. 


q 74 en RES ons IIS ES 


As the Difference of Latitude 169.33 —— 2.2287339 
To the 4738————.— 1.655950 
So is the Radius —— — — — 10 00000 
8. by-W. 4 23 Weſtwardly, 
For the direct Diſtance, it will be by the fame C/e.- 
As the Sine of the Courſe. 15.38 ——— — 9.430526 | 
To the e 47.38 — — —— 1.675597 
So is the Radius — —— — 100000 


The next thing, in order to compleat the Traverſe, is, to ſind 
the Diſtance of the Ship from her intended Port, and upon what 
Courſe the muſt fail, if poſſible, to gain it. a 

And becauſe the Difference of Latitude between the- place of the 
Ship at firſt and her intended Port, is greater than the Difference of 
Latitude made. 


FEom 72 N _, Cult given — — 250 
Take the Difference of Latitude qq made 23 


Max Alſo 


— ' — ix I 
# 


as | KEN TY ST 
Alſo beciuſgihe News ft ben, as well 25 the Departure 


To the Tangent of the Courſe 58. 
itude is Southerly, and 
parture Welt, is S.W. .by W. 2 26 Welterly.. 


made, are both the ſame way, r exceſs ſhall berths Depurrr 
the Skip muſt make. Wherefore ' 9 : 

From „ ut gren——— ow. 
Take ay * the Departure £ Made ————— 47 38 W. 
Remains) 


to make — — 132 62 W- 


Hence, and by C2/e the 6th, the Courſe and Diſtance may be 
eaſily had. For 


As the Difference of the Latitude 80, 67 


"To Radiu — ——— Dan 19.0000000 
So is the Departure 132, GR e 2. 1226090 


8 


- 1:9067121 


— Senne e 78 
Which becauſe the Difference of ju £1 


Again FR the direft Diſtance it will be 
As the Sine of the Courſe 58 4•— — 99316143 
-To the — 132 62 — \ ik he: — ee 
80 is the ——— Nr 
Ate 0 dire LY 155. 2 —_— OE ene 
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„ OT OD S EP. PS 
TOR the mogę ready working of Traverſe; in order to find 
T. dhe Place the Ship at all times, the "preceding Table 
has been ie nade accordingto ehe iſt. OF Plain Sailing, 
ſhewing the Difference” of Latitude ebe, to every 
fem ng and Quarter point of the Compaſs, the diſtance 


" 


from 1 Mile to a 190, and may be.made to ſerve for any other 
diſtance, providedit be firſt divided. into parts not exceeding the 
Limits of ST . os WY 
At the head that is in the uppermoſt Rank, are placed the 
Courles beginning from 1 degree and proceeding on through the 
ſeveral degrees, Points and Quarter points to 45 degrees, and at 
the foot or in the ofermoſt Rank but one, are placed the 
Degrees Points and Quarter points of the remaining half of the 
Quadrant, that is from 45 degtees to 9 

In the two outmoſt Colums of each Page, are placed the 
Aiftances; the Table on the Left-hand Page beginning at 1 Mile, 
and continuing to 30; ànd that on the Right-hand Page beginning 
were the other left off, vig. 50, and going op to 108. 

And in the Common Area, that is directly under the Courſe, 
and againſt the Diſtances are faced the Differences, or Altera- 
tion of Latitude and Departure, correſponding With, or anſwer- 
ing to theſe Courſes and Diſtance. 1 a 
A few Examples will make it yet more plainer. 

Example the 1ſt. 


If the Courſe were N. E. by N. J Faſterly, and diſtance 36, 
and the difference of Latitude and Departure were required. 

On the Right-hand Page (becauſe the diſtance is above 50) 
find the diſtance 76; and at the Top (becauſe the Courſe is leſs 
than 4 Points, or 45.) look for the Courſe 3 4 Points, and right 
under it, and againſt 76, the diſtance ſailed will be found in 
the Column Lat. 28, gd: for the difference of Latitude and in the 
Column Dep. 48, 2. for the Departure. Sas - | 


If the Courſe had been N. E Eaſterly, and the diftance as 

before 76, then muſt the Courſe have been ſought for at the 
bottom, and Difference of Latitude would have been found 
48, 2, and the De arture 58, 7. 0 a, EA, 


Example 


The Ale ol the Table. 107 
Eæample the 2d. 


Fn rg Ships Courſe N. E. by N. 42 Eaſterly, and the 
iftance 176. { 0.4 

On the Right-hand Page at the Top find out the Courſe 32 
points, and againſt the diſtance 100, yon will find the difference 
of Latitude 7 7, 3, 7 Departure 63, 4: Again: find out 56 the 
remaining part of e Diſtance under the Column Dif. right 
againſt it, and in the Column under 3 4 points you will find 
58, 7, for the Difference of Latitude, and 48, 2, for the De- 
parture; now the Summ of this D:fference of Latitude, and the 
Difference of Latitude befoxe found, 136 will be the Difference 
of Latitudo required; alſo the Summ of the Departures 111, 6, 


i the Departure ſought. oO, 
ai the 3h 


Suppoſe a Sip 16 South 36 30/ Hafterly, 45 miles, and 
the Difference f atitude and Departure were required. 

Having found the Diſtance failed in the Left-hand Page, be- 
cauſe the Courſe cannot be found exaffly, ſeek the Difference of 
Latitude 36, 4 under the next leſs, vis. 36, allo the Difference 
of Latitude 35, 9 under the next greater, vig. 37; then ſay as 
the Difference of the Tabular Courſes 60! to the difference of 
the Tabular differences of Latitude 5, ſo is the Exceſs of the 
Courſe given 30“ above the next leſs Tabular Courſe; to 25, 
which Subſtrafted from 36, 4 the Difference of Latitude belong 
ing to 36 degrees, gives 36, 15, the difference of Latitude 
ſought: After the fame manner the Departure will be found to be 
26, 75, and fo for any other. SIRE. 
in the like manner, if the diſtance were a Fractional part, 
then the Difference of Latitude and Departure under the tame. 
Courſe mult be found, to the two next Extream Diſtances, and 


Proportion made accordinly. Example. 


Let the Courſe be S. S. E. Eaſterly and the Diſt. 44, 75 Miles. 

In the Left-hand Column againſt 44 Miles the next leſs whole 
Number to the Diſtance, and under 2 points, find the Difference 
of Latitude 38 8; likewiſe in the ſame Column againſt 45, the 
next Integer find the Correſpondent Diiterence o "Latitude 39, 
7: Then ay a8 100 to 9 the Difference of the Tabular Numbers, 

is 75 the of the given Diſtance above 44 Miiles to 277 
or Z almoſt which theretore added to the Difference of Latitude 
38, 8 Correſponding with 44 Miles gives 39, 5 the true Dift- 
erence of Latitude requued. 1 In 


— 


- wt ö 


108 Obe Ute of the Table. 


In like manner for the Departure, fay as 100 to 5 the Dif. 
erence of the Tabular | Departure, anſwering to 44 and 45 Miles, 
_ ſois 75 to 11, or 4+, nearly which therefore added to the De. 
partute 20, 7 anf ſwering to 44, Niles gives 21, 1 the Departur: 
{ought 
In like ode: may he Difference of Lade nd Departur: 
be fountt' to- -any given Courſe, and Diſtance, ànd therefore | 
ſhall give only dh ſmall, Traverſe, wir — wx leave 
the Operation i erciſe the Young Student. 
Admir 4 Ship M Sea inf the Latitude of EIN K. Sal : 
way N. by E. 3 n 4 Eaflerly 27, N. 
1 Non berg 1 ge, 50, and it be req N to Ar 
what L the is is i | and how much the. has Departed from 
her firſt Meridian. 1 
Having made a Table: and phEChe Courſes and Diſtances 
in the Subſequent manner, the of Knud and pn 
ture n by. W as 5 8 


7 Ws bom * _ 2 * - [- | F 
-F by E. 35034 34 
Ea 4E 2724.4 
f N. E. 32/22 U 
N. E by.; N. 40 * 1 
E. N. . l-ol 12. 1 


—ä(—— 
— 7 2 2 1 12. 3 4 k 


| Heres it appears ſhe has Departed from her alt Meridia 
g 4 7 Miles, and altered her Latitude 112, 3 Miles, wherefore 
Se hy ind the Latitude ſhe is in. Becauſe ſhe Soles trom à North 

Latitude Nortbefly. — 1 


To the Latitude Sailed frobd: 34. 30 
Add the Difference of Latitude r 2 1.525 
- Remains:the Latitude ſhe is in—— . 22 


By the help of this Table, all the ſeveral of Plain Sail 
ing may be eaſily reſolved; but this being a Hetle Foreign to the 
preſent buſineſs, and not the defign for which theſe Table Were 
* we p [hal * it by. 
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SECT. IV. 


Being the Doctrine of Oblique Angled Plain Triangles 
applied to Problems of Sailing. 


N this Section (as well as in others) I ſhall omit the ſeveral 
Uſeleſs Queſtions that are generally Propoſed, and Inſert only 
ſuch as may be of uſe to our Young Student. | 


Caſe I. 


$5 ASTING alohg the Shoar I ſee two Headlands, the firſt 
bears N. N. W. the ſecond N. N. E. 3. Eaſterly; then ſtand- 
ing away E. by N. + Nly 16 miles, the firſt bears from me W. N. W. 
the ſecond N. W. by N. 4 Weſterly, I demand the Diſtance of each 
of theſe Ports from the firſt place; as alſo their bearing and diſtance 
from each other. 1 


— Reſolution. 


In the annexed Scheme let A be 
the place of the Ship when the 
Headlands. were diſcovered , B the 
7e ſhe failed to, in order to 

iſcover their Bearing and Di- W. 
ſtance. RE oy : 


Whence 
In the Triangle DAB are given, 8118 od 
I. r 
2. The 4 3h 3 De m 1 * © points = 3:39 22+ 
3. The diſtance run AB 16 miles, 
| Q And 


* bo * P 
mY a0 
„ * 
— - 
* | 
* 


© 5595» Is like a N 
3 deres or e 


ia, Rerzuſe ſhe 


* 2 0 0 
2 | ag 4 X rn ; 3 9 
e 38 N 4 bur” "= gn n 
k AY _ filed" from= _ — * — . 
x * Ga ©! Lad, 198. — 
+. 7 | | 


9) 


SEN * ( | 
* e cond * * Ta, 


Gelen * ſhal 8 


* ra * . * 
. * + > 12 62 


2 


= . 
7 I G TY * Y — . *. 
"a> 
> n 4 s i 


. 


Sn. a. at. " "ay Y'Y 


r 


9 _ f 4 - 
| * i 

G4 
| A vr "IJ of III A 81: 214+ Fore 8 
T 2 RS — ln. 4 


8 EC Fe IW. 


| Bein T4 the Doctrine ef Oblique kur Plain re. 


ed. 1 — _— to Problems: gr 


N this Section (as well a as in os I ſhall omit the ſeveral 
Uſeleſs Queſtions that are n Propoſed, and ert uy 
ſuch as may be of uſe to our oung Student. 


a 


Caſe, 


C dN G alo Fthe Shoa 1 F Headlnds, the firſt 
bears N. N. W. the > cond d N. E.: Y Eaſterly; then Rand- 
ing away E. b DEI: 4 16 miles, the firſt bears from we W. N. W. 
the u N. Weſterly, I demand the Diſtance of each 
of theſe Ports la the Wa place; as alſo their 57 and diſtance 
from each othet. A ae A: 4 


— 1 * q 
” * + EF %Y ” 
ah a % : * 1 * 0 n 1 1 ; * 1 
4 — - o — 1 { 4 
G 2? 82 90 73355 — — on. 2 "© F 1&4 B 6 1%4 p 
% % % * ". x 


855 the. annexed. FO let A be 
= pla of the Ship when the 


ls, 8 were. £ diſcovered , _B the 
to in Or 177 * of 
Dire their Pears” 5 1 


ſtance. och to. dont fi oft Num 13 
4 4 bd 4 $4 480 a F X 
| Wheice | 


In the Trian 


H bun 1 LIN 17777 
; ; The {ip 55 ok 3 224 
BE The diftance run AB 16 mi les, 


* 


* 


8 


And there ſore A D will be eafily had, for 


5, an AB dale An wi i.e. 


170 AB e aps — ed 2041200 

So is the Sine of ABD 39* 22 —— e eee e 

The aer of e En aan 0 i 2s Hu. 
, Again, 


In the Trian gle ABC are} given —— 


* 2 * 4 19 555 W 


Vp, 1 


% © 17 . * NI 9 . 
- . P K+ 
— — 1 ow 1 ? 
- # . 338 « 
edc, 5 wee Md 195.7 bro ts” 
| a 118 2 7 * re 


„ ACB: AB : vw ©" AC, 1. 6 
As the Sine of ACS 67 20—ůů— — — 9.656153 


To AB 16 miles .. — 1.2041 200 
So is the Sine of A BC 19 ——— — 99738519 


To AC 16 31 miles dB. kd i E — 1 
The diſtance of the Ship „eg the ſecond Fett. 


© ©% & * 


N att! 


After the ſame manner may the Diſtance of is e Head | 
Dand C from B the laſt place of the Ship be found if it be re- 
quired, but 


| To fnd the Bearing and Diſtance ofthe 


2 


Is the Triangle D C are given 1 A * 8 


A 


1. DA 14 35 
2. AC 16 31 mil A 
3. The, - DAG 53” 26! and cerefore if will be 


ADAM. TDC beaches 


ES EE 


As che Logarithm fa 66 - a2 
: To the Logarithini of 1 96 — rn nn noon, 02922561 

So is. -the Tangent « Wa 17 1 — 0. 2981626 

To the Tangent of 7* 14 enn . 251038466 

Now 63? Cin fan BEA 31 =£ ADC 

And therefore C bears from D ft 3* on c and conſe- 
quently D from C, Welt 3, 01 ' Southerly. 


And for theit diftance it will be 
s, ADC: AC: 5, DAC: DCz.e. 5: vide. — 9 | 
As the Sine of A D C 70, 21 —— 99745913 


— Rp o—_—_ 


— 


To A C16 31 ——-— —— —— . —1.2123566 
So is the Sine of DA C 4s 2 W 9048043 


Jo D 13 '89 miles 1045 mmm mmm I. 3.1427696 
K 8 575 5 The Diſtance of the two Head-Lands. 


| bfier this manner may 1 the Mutual Bearj "gs 1 l of any 
xtra 520 we 
2 ee 1 need in eim 


number of Head Lands be * which are 


100 27 I * my \ . 
1 26 7 O A 0 1: 101 LLC 2 1 U 5 55 It * 
wy x ' 9 , . 5 
1 21 . I 4 * . 
8 5 8 
Ine 2h 91500. 
— . A 4 J oC «+01 7 2? 20 42 


ip is fn to 2 cn ef o rt Nor- 


png rs 225 miles, the Wind being. NB and ſhe 
being able to. lie no nearer the Wind then 5 how 
many miles ſhe muſt Sail upon * Latboard-T ck, and how _ 


ee 10 defired Port. lie d 
ein 1 Trg en 00 25 4s < Hurry lll en 


* 


— ̃ — nn — 


e 7 Pu 4 * 


A be * 
* _— 


ehh 19.8.5 ih 
a TIEN 1 the be cs th . 
Pond ths on to, and W the Courle 


if the 
Hat Aa. Setof 6 & Points on each 
1 7 ſide the Wind to X and J and 
ee eee, e e AX, 
Wont oh ES „ Through P draty D E 


Fan 8 2 to X A, n t meets 
A T produc'd, then will AE and ED be the Diſtances be 


10 find which Dont 58 . 5 


R ee ente 
In the Triangle A D E there is zien F 
i/t. AD 325 miles. THEYPTY c 
- 2d. LDAE AA Points = 53* 26 e 
3d. LAD EJ Points 8/ 111 kr 8 — 


t LAED 3 Poins = 35 22.3 
DG Ry © # hee? it Will be 1 17. Is 2A 01 


WH; 1110 Pork 21 oe. 


SAED: AD; — AE e. 5 40 0 


IL; wh Sine of A E P 39 23 —— . 8023816 


- 
N - 
i N 


—— — — m — 


* i 2 


To AD; 325 miles. 1 — 25¹¹8834 
1 80 18 thes ing of A PR AT Ae or 5 Ip 0 bn — . —— 


To AE 51, 8 miles 2212220 dM a etal gong: — 
And ſo fa muft ſhe Sail u pon her Larboard-Tack, to get as 


as Poſſible at her deſired Pore but 85 find ow far ſhe muſt Sail ur = 
en her Starboan, it ill be L. „ 91s ö 
ED: AD::s, DAE: DE ze. 


Ter WY 7547557 ITS jeje I —7, 98022816 


25 2 eee 2 22 e — 2.511 
MR | y 2 Se _ 1 
= 2 — — . ee 


F SI” 4 L 
it, f QOOT LEG iam St 4 — 


o 


oY Liitb 126 aug c dy; Mya be- 
ju NB 41, 4 2. - $2 0206 (#Þ VEN 52 6 1 = 26144061 
The Diſtance ſhe muſt Sail upon her Starboard- Tacx. 4 


* 


ee 113 


This Problem is of great uſe in Inſtructing the Induſtrious Mariner 
how he may Conduct his Ship the nn way, when the Winds 


"Gals HI. 

DMIT two Ports lie N N E and SS W diftant 300 miles, 
| A and the Wind being at North, a Ship Sails from the Souther- 
moſt, cloſe haul'd upon the Wind 519 miles, with her Larboard- 
Tack on board, and then 410 miles with her Starboard Tack, and 
then arrives at the Northermoſt. I defire to know how near the 
Wind ſhe makes her way — upon each Tack. 

Let A and D be the tw 

A E and D. E the Diftances b. 

on each Tack, | 2 bout 
In the Triangle A D Eare . 
1. AD the nr pe [th 
Po , 300. 

AE the diſtance run pe 1 
on the Larboard-Tack 510. 

3. DE the Diſtance upon the 
Starboard 4.10 


To find the Angle D AE and 
it will be (having let com wh 


Perpendicular DB) 
we men, DDA. r - BA. e. by 
Leim | 
As the Logarithm of 5 10 — — — — 2.700572 
: Alko the Logarithm of 710 — — — 2.812583 ; 
So is the Logarithm of 110 ĩV:oũͥ.“ — 20413927 
To the Logarithm Of 153,2 ———————— ee 


Now, 5104 153, 2= 356, 8 2 2 AB 
1613 2295 Therefore, AB 1984. and it will be ud 
219t D: 


3 
AD: RAR: r r cara; 1K 


As A D 300 — nw———e —— 2471 


mn 


—— 


To the Radius =—— ——— —— ——.— 10, 0000000 
80 is AB np f mr — — —— 2.2513948 


— — — 


'4 


Hens it appears that the Courſe ſhe ee — * lade. 
Tack, was E. N. E. 8“, 31 Eaſterly, 1 there ſhe made her 
way good within 6 3 Points. 3 


In theſe as in all other Caſes, when the Ship i is upon a Wind, Al. 
lowance muſt be made for = Lee-way, but this bei greater or 
leſs according to the Growth and Surge of the Sea, Mould and Trim 
of the Ship, Sail ſhe bears, and Streſs of Wind: We ſhall not per 

lex our Xoun Navigator with needleſs Rules that will bs bo 
ometimes.to fail him, but recommend him-when at Sea, to get xp 
Aſſiſtance of ſome Able Sailor, with whoſe Help, and a littleExpe- 


rience, his Judgment will be ſo Fortified, _— en fail of 
making a good Allowance. # : 


q — 
RY "© 


Of Curren ts, and how to alles for then. 


La F. as 


Definition. PIT IT. . erz 


Cusn TS are certain Setti ngs of the Stream, by the means 
of which, all Bodies mov'd therein, are compelPd to alter their 
Courſe, and fubmit to the Motion, impreſs d upon them by it. 


5 Croll. © £451, £2 hs it 


8 ey Ke Current ſet with the Courſe of the Shi 
Motion by as much as is the Drift or Rate of Diving, 


E ample. 


Thus if A \ Ship Sails N. N. E o mile in a Current that 
1 ets 


P, ir augen eng her 


* "IF 


__ Navigation. 115: 
ſets N. N. E. 8 miles, in the ſame time het true Courſe will be 
N. N. E. 28 miles, in the {ame time, but | | 
2. If a Current ſet againſt the Ship, it leſſens her Velocity by juſt 
ſo much as is the Currents Drift. iid 


E Example the 1ſt. 


So that if a Ship Sail N. E. 49 miles in à Current that ſetsS. W. 
— _ in the ſame time, then her true Courſe will be N. E. 29 
les, But 925 | 


Example the 2d. 
If in the time that the Ship Sails N. E. 49 Miles, the Current ſet 


S. W. 59 miles, then the Ship would fall a St and her true 
Courſe would be S. W. 10 miles, But mY 


2+ If the Ship thwart the Current, it not only leſſens or augments 
her Velocity, but gives her a new Motion, compounded of that of 
the Ship and Current, as.is manifeſt from the following | 


Lemma. 


If a Body be Agitated by two Mo- 
tions at the ſame time, the one with 


a certain Velocity that will it 
according to the Direction of the 
Line AB, the Length A B in a cer- | 
tain ſpace of time, the other accord. — __— 
ing to the Direction of the LineAD, - | 
with a Velocity-that will carry it to the Diſtance A D, in the ſame 
time I ſay, that the Body will deſcribe the Diagonal A C, and at 
theend of that time will be found in the Point C. * 


. . Wherefore, mit Hing b f 
Ik a Ship Sails NE 110 miles, in a Current that ſets S. S. W. 30 
miles in the ſame time, and her true Courſe and Diſtance Sail d be 
required. | 5 
| 17 


— 


— 5 2 6 
D $1997 $03 en got k- d tt old 3 J ML. A 2:3 
| "If. Geometrically. lim 88 e 27 
1 * of 4 Points dom N rominds E. and 
draw A C equal to 110 miles. 
2. From C draw CB, parallel to the Line 
= N. N. E. and equal to 30 miles. 


3. Draw AB whick will be e 
Oourſe, to find which 


4 ; 
Trig rr 


In the . A BC there i is | 5 
110 8 + 21 
Given 55 at C 22 30 =o: will be by Caſe 4, Sed. 4 ' 


1 — — — — - — 
, — — ——_— 
* 
. 


C 30 {TEN 
AC+BC: AC—BC:: SEE aL 7, TR 2. 
As the Sum of A C and B G WO — — 2. 1461280 | 

| pt = 1 4% E 
So is the 2 of 78: 45 — — 10. Ties 
To the — of 70 9 — 10. 583002 
7....Now 1 een x 


Bor for ber ap 1 5 her i, Con is NE 5? 56" ee, 15 


But for her iſtance it will be by Caſe 1. Sect. 4. 
8, LA: BC: 8 £C: ABi.e | | j 
| As the Sins of the Angle at A 7, 56" — 25 1399445 
To the Drift of the Current B 0 20 e — 14 — 


| | Sois che sine of the Angle at C 22% 30' ——=——9.5828397 


ALL £5 * 


To the Diſtance run 83, 2 miles — —— 


Ex. 2. If a Ship from the Latidude 36 300 South, Sails NEB N 40 
miles, then B E 36 miles, in a Current that ſets SSE 20 miles 
in the'timie that the Ship Sails 38 miles, and it be required to find 


the direct Courſe and Diſtance between the Ship and her firſt Place, 
as qo the Han the Ship is in. 1 


| | . 1. 


n * 


Navigation. : --, 8 mm. 5 

| = No | , . | 5 | 
mf 2 Conſtructed it as in . tte 
the former. H 
In the Triangle ACB, . 


AC 4%ę te find AB, K &/ 
Gi e ee 15 >the Anglesat #*- & 
BC 21, 05 AandB. ia" 


& 
It will be by Cafe che 4b, of 6 


2 


Sell. ve" xe LENS 
AC+ BC: AC— CB: IAT E 1 11 * 


As the Sum of AC and BC 61, een 
To their Difference 18, 95 mtr 1.2776092 

So is the Tangent of 61*, 72 pI IRS NOTION? 
To the Tangent of 30, 08 4 ———.— 9.63566 


Now, 61*,352' 2 — 30˙ 08' 1 = 315 = £ CAB, therefore the 
Shi $ firſt Courſe is N E by K 9?, 14 Ea 3 


or the Diſtance, it will be by Caſe the 1, of . tho 4b. 
S8, CB: CB: s, AcB: AB. that is, 2 of 
As the Sine of the L CAB 319, 44' —————— 97209581 


To CB the Drift of the Current 21, 5 — — 141.3232521 
So is the Sine of the Lat C56, LG — — — 4 9198464 


To: the Diſtance run, 33, 28 —.—.——.—1. 5221404 
2. In the ane BDG, are given 


BD 36. G 7 
Et fo —LarD oy 45˙ to find BR and the Ls, DBG and DGB. 
56 18 9883 1 
"Wherefore, 6 51 8 
| As the Sum of BD and DG 54; 95 — x 7399675 
irre 117% 1 10 008 f- 
"To their Difference 17; bg — — 12317244 
So is the Tangent of yr 37 — —— — 10.0856 980 
1 „ — 
To the Tangent of 20® > „42 — ——— — ky. 57 4547 


R 7 ence, 


118 N 


Ships — Courſe is E * N75, 25 Efftward! Ys 
the Angle ABG = 1597, 


To DG the Drift of the Current 18, 95 — 


Hence, the Angle DBG, will be found. 299. , 55 wherefore the | 
2 bg: vary 


But for BG the dittanee run; it will be | 
AS, the Sine of the Angle DBG 29%, 557 —— . 6978747 


— th... mt. _ A 8 8 


— 12776092 
So is the Sine of the Angle BDG 78*, 45 ———— 99915739 
To BG the Diſtance run, 37; 898 SE] 15713090 
3. In the Triangle ABG, ate 3: 03. 


AB 33, 28 
Given PEE 15 : 19 whence muſt "x found L BAG * AG, 


As the Sum of AB and BG 70, 55 — 108484970 


To their Difference 2, 99. — —— — 06009729 
Sof is the Tangent of 10%, 20 22 „ 2612203 


To the Tangent of o, 36 ͤ—LÄ!ͤłñç„?d“27:.! 8.01369 962 
Hence the Angle BAGis 10e, 56 and i confequently che 2 — of 


the Ship from het firlt Port is E by N. 2?, 20 War. and for the 
Diſtance it will be, 


As the Sine of the Angle BAG 10˙ 56' ———=— 9.2989911 
To the Diſtance run BG 37, 29 —————— 


c 5713090 


5 80 is th the Sine of the . ABG 159% 19 — —— 95480240 


— — 


To the Diſtance between the Shipand her Port 65 24 — K. 840341 9 


Now for the Difference of Latitude, it will be 


As the R Radius — e Ep — — — F:5.0000000 
* | e 1 74 Jy 1 5 W 
To the Diſtance Salad, 6 24———.— 18403571 


80 1 is the Co. Sine of the Gol 7605 25 — — 9. 3708079 


o ue difference of anne 16 G. 2111650 
Hence becauſe Ste Saif d from a South Latitude — 
From the Latitude She Sail'd from 367, 30 —— Sly. 
Take the Difference of Latitude made - 16 
Y N the Latitude the Ship is in 36%, 13' 4 ——$ly. 


1 
Aamir 


| Navigation. 5 11 2 


Admit Shi 8 from a certain Head- Land, in the Latitude of 349,00 

North, Sails S E by 8 24 Miles in 6 Hours, in a Current that ſets 
between the North and the Faſt , and then the Ca e is found to bear 
W. N. W. and the Ship to be in the Lat. df 330 45 orth. IL demand 
the Setting and Drift of the 9 * 


Geomerricalh. . 


1. Set off 3 Points from 5 towards el 
. draw the Line AB equal to 24 Miles. 
2. Set off 2 Points from E towards S, 
and draw the Line AC. 1 
3. At the diſtance of 15 Miles, equal 
to the Difference of Latitude, draw a 
parallel to AE, till it interſect AC as in C. 8 
4. From the Interſe&ion C, draw CD parallel to AS ; af the Line 
BC the Drift and Sectng o the Current l 


To find which Arithmetically. 
In the ADE. right Angled at D, are 


eee 30 J to find Ad 
| Wherefore, S L A: DC: : * AC. that is 
* the dine of the Abele at A 27% 30 — — 95828397 
10 4 Pilberence of of Latitude 1: 6 SR doh Ihr ot 0912 
Io is the Radius — — —— "a - 10,0000000 


— ——— 


To a Diſtance. 39, 2 — a. = — —1 5932515 
+ bs ain, in the Triangle ABC, are | Agel, 
- AB 24 „ 411 7 L Cc: 7» . AT] ; 
* Given LA = „45 Crofid 4B W 7 9 
6 AC 39,2 3 ; . N ' ; 
fa 5 „ e Wherefore, Lin 
ABFACIAC— AB: t B+ TC: t7 Fa TE 
NE, | R 2 As 


120 Neviges | f 
_ As the Sum of the Sides A Band AC 63*, 2' =— 7. 1.800787: 


T0 their Difference 155 2 2 es ne — — 1.1818436 
15 80 is the Tangent of 73* 27.5 — mln ns 10. 5180808 


To the Tangent of 38%, 27 2 | K. | * —— — 9.899 1873 
Which added to 735, 07! + gives 111% , 32. the ory at B. And 
hence the Current will-be found to ſet E by Noe, 58” Northerly. 


For BC the Drift of the Current, it will be, 
| "CS EAC: : 8; 6 A: BC. that is, | 
As the Sine of the Angle at B 1112 ——— 9 9685783 


9 


To AC che Diſtance run 125 a, III mT 75932515 | 
$0 is the Sine of the Ae e at A 33” 45 morons 747395 


To BC the Drift of the Current in 6 Hours 23” 1 75 136941 22 
And conſequently it ſets at the rate of 3", 9 Miles an Hour. 


Several other Queſtions. m e e relating to Currents, 
but theſe being e unde , are ſufficient for the Purpoſe, 


—_— — wt 2 — CCC 0 


ik V. 


Of the Plain CHAR 5 


„ «44 22 we 0 


Ex Us 


INE a mall Part 7 the Earths Superſicies F=1 aißer vey 

little from a Plain, Ingeiiidus Men were firſt | led for 

ana Uſes) to deſcribe the Sea-Coaſts between Places not very 

remote, on Plans, which they calld Charts, in which they made the 

Degrees. of Longitude, equal. in Ul Places to thoſe of Latitude. 
that 

A Plain Chart is a Reprefancaridn of ſome finall part of the Su- 

. Perficies of the Terraqueous: Globe, in which the Meridians are 

ary parallel wHY other, and conſequently the Degrees of Lon- 
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Lam arallel, and draw a Meridian; where this cuts the parallel before 


Nawigatzon:.” 121 
bee are qu ual in all parts to each other; and alſo equal to thoſe of 
titude, and is generally made to 8 for ſome particulat Voyage; 
but vrhen made, may ſer ve for ne ces whoſe diſtance ors not ex. 
ceed the Limits 70 the Chart. Wherefore, 8 
If it were required to make a Chart that ſhall contain 5 Degrees 
in Latitude, and 3 * in Longitude. 


Or which j ic tbe. fame thing. 


EAR it were 1 to make a Chart that ſhall ſerve for a 
Voyage between the Parallels of 12* 30“ and 17* 30 North Lati- | 
tude, and to contain 3* 4 of Longitude. 
Having: Pirch'd upon a Convenient Length, for the Breadth of a 


Degree, or rather for any proportionable part of-it.- 


1. Draw the Meridian MN, and prick off the Number of De- 
grees the Chart is to contain, from M towards N. And 

2. At right Angles to the Meridian MN, from the Point M draw 
the Line MN, which may repreſent the arallel of 1230 North, and 


let off the Number of Degrees i it mult contain in Breadth from M 
towards 8. 


95 Through the Point $ draw SQ Þ arallel to MN, as alſo Lines: 
parallel to MN; through the ſeveral Diviſions of the Line MS. 
which will repreſent ſo many Meridians. 

4. The Lines drawn parallel to MS through the equal diviſions of 


the Meridian will repreſent fo ma er of Latitude. 


5. Each of the right Angles MNQS being divided into 8 equal 


8 arts, the Lines drawn from the Angular Points through the ſeveral 


ivi lions, will be the Rumb Lines upon the Chart; and are of great 
Uſe for the ready finding the Bearing of Places, as ſhall be ſhewn 
hereatter. 

Laftly, Having divided each Degree into as many equal Parts 25 
its Breadth will admit of, the Chart is rendred fit for any manner of 
Uſe that it may be appl red to, And 

1. To lay down any Place upon the Chart, 

If it be by its Latitude and Longitude: 

1, Through the Degree in the Meridian anſwering to its Latitude | 
draw a parallel of Latitude. 

2. Lay a Ruler over the Degrees: of Longitude i in the Graduated 


18 is the place required. 


After 


EY . ee! 

After this Method, may any Place be laid down'by its Differebes of 

Latitude and Longitude from any place in the Chart, viz. by Counting 

its Difference of Latitude — Latitude of the given Place, either 

Northward or Southward, according as the Caſe r a an and its 

Pierre of Longitude either * or Weſtwar and drawing 
ines through the Points found as before. 

By the Help of this, a Map of any ** Country or 
the Sea-Coaſts 15 wr the Latitudes and Longitudes of the 
places it muſt contain be known; or their Differences from any 
ves wharlſoeyer: - ++; 

by the Inverſe Method, vis. -by Amel Lines parallel to 
* the eridian, and the parallel of Latitude paſſing through any place 
| -ptopoſed;.. may its Latitude ane Longitude be known, and Conſe- 
_  -quently the Diffzxence-of Latitude 3 and. Longieads of any tuo or 
5 more places piopoſed. * 
2. If it be by its Bearing al Diſtance from any laue + 
After having found out the Rumb Line, anſwering to the Beating 
7 given, through the Place * and parallel to the Rumb, draw 
Ane, and Set of upon it the diſtance giving in parts of the Gra- 
% duated * and the YOu thus found, will be the place 


* hp the loverſed Method, may the Bearing abi Diſtance ef 
any places in the Chart be known, viz. by taking their'Diſtance be- 
twixt the Points of the Compaſſes, and applying it to the Meridian in 
order to find the Miles, and by obſerving which of the Rumb Lines is 
| Parallel to it, in order to diſcover the Bearing 
By the help of this may the Induſtrious Sailor diſcover upon what 
Courle(if nofſible) and how far he muſt Sail, to Arrive at his defired 
Haven, as alſo to lay down his ſeveral Runnings, and thence find the 
ſeveral places that he Arrives at in the end; and ſo be able to alter his 
1 Cour ſe of a new, in order os £966 any Fort in Tho ſhorteſt time 
Ii - Poſhble, But 
Tho this way is very Expelitiou, yet 1 would not adviſe the 
lf Young Student to depend altogether upon it, but rather to keep 
= the Account of the ſeveral Runnings in Numbers, find ing the 
| deveral. Faſtings, Weſtings, Northings or Southings,3'and Tabu- 
lizing of them according to the former Methods; and then if at any 
Aimee his Curioſity ſhall lead him to Examine how rug ind has been, 
ua be of great Uſe to him. 
3. If the Bearing — Difference of Latitude be given. e 
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1 | Nawigation5%. A . 
Count the Difference of Latitude either Northward or Southw ard 
(as the Caſe requires, on the Divided Meridian from the given La- 
titude, and draw the parallel paſhng through the fame, and lay a Ru- 
ler over the place, and parallel to the R uin Line given, where it cuts 

the parallel before drawn, it gives the place required. 

4. If it be by the Diſtance aud Difference of Latitude. | 
Having drawn the Parallel as before, (by the help of the Differ-- 
ence of Latitude) take the diſtance between the Points of the Com- 
paſſes, and ſet one Foot in the place given, and with the other croſs 
the parallel before drawn, and you wilt have the place required. 

. If it be required to lay it down from the Court: and Departure. 

Count the Departure; in the Graduired parallel from the Meridian 
paſſing through the place given, either Eaſtward or Weſtward, (as 
the-Caſe requires) and through that Point draw a Meridian, and: 
where, the Courſe Interſects, it will be the place ſoughlt. 

6. If it be by the Diſtance and Departure. ff 431 £101 oi rns! 

By the help of the Departure, draw: the Meridian proper to tke 
Place you would find, then with the Diſtance of the rwo places, 
between the Points of the Compaſſes, ſeting one Foot in the Point 

given, turn the other about, till it Interſe& the Meridian laſt found 
in the place fought. - Wet rs 
It would be lehr to Illuſtrate theſe Propoſitions by 
Examples, ſince he that Underſtands what went before, will find it 
no matter of difficulty to reſolve either of theſe, or any other of the 
ſame Nature, with thoſe that have been propoſed in Sailing, by the 
help of che Chart only. Les en j, 141 t ids 8 
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Wt ee a. : 1 8 
return home. in or near che: oppolite Rumb, a tollerable good Ac- 
count may be kept thereby. N N 

hat the — of Longi nude grow leſs and leſs, the nearer you 

opiate Pole; (as d ee te hinted) is manifeſt from the 

ws W r N N in which P repreſents 

FS the Pole, POM a Quadrant of the Me. 

HY 142 2 > |, ridtian, CM the Semidiameter of the 

| .-. Equator, and NO the Semidiameter of 


4 Parallel of Latitude; which is to the 
1 1 5 Semidiameter of the Equater, as the Sine 


ge 98 of the Arch PM, to the Sine of the Arch 
735 PO; that i as the Radius to the Co- 
| Sie of the Latitude. 
1 7111 Now, fince the Circumferences — 
3 Circles - are 25 | lle Radij auestly, and that like Parts have the 
ſame proportion with their 3 follows, that the Breadth of 
à2 Degree of Longitude, in any Para of Latitude, is to the Breadth 
of a Degree in the Equator, gn the Co-Sine of that Latitude to the 
Radius; bows | conſequently as = ___ 2 N 3 t > ths Miles in 
he other. £4 ny e 54 1 
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1 11 the Difference of Tongititde velour two- bil in Ps 
'  wallelorLatitudebegiven, to find the Diſtance e them, z. e 
fa ship in the Latitude of 49, 30 North or South, Sail directly 
Paſt or Weſt, until her Differevce of Lee 355 30 au it be 
1 quired to find hte Diſtance Sail'd. 
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* Geometrical 


— — Tee Lo. : 
; 4 I; a king drawn the Line 
N equal to 90, make PM 
ene, \ Fee 
FEE ent of the Latitude, and 
85 big” 1550? 11” 03K fs , bin bet e hes AQ. and 
Mnf Dee er 2 Ef vhs 80 3 MAES, 3 Wa upP.100 | 
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| Ag 4 

n the Line of equal parts, between the points of the 

Compalles, ing one Foot,” in A, with the other crofs the Arch 
AQ Qu Kur 


wPQ. and where | it: cuts the Arch MN as in 
* e Ling MN, which will be the diſtance required. | 


1 find which Numericell, i it will be 
FA: PM: : AQ: MN. i. e. 


85 As as Radius — — —— — 1 00000005 


P ce ee ee. 


To the Cofine of the Latitude, 49* $0, wpwmmng_ 25444 
So is the Miles of Longitude, 210 - — 23222193 


To the Miles of Diſtance Tun 136, 4 —.— 2 1134767 
PROBL EM IL 


If the Diſtance in any Parallel of Latitude be given to fnd the 
Difference of Longitude, i. e. 

If a Ship Sail 156 Miles Eaſt or Weſt in the Latitude of 47 15 
North or South, and it be required to know how much she has alter 
ed her Latiade. Longitude: | 


FE: Geometrically, 
ny mm 


'£ 


ing made as before 


PA equal to the Sine of 90, 
| and P M equal to the Co 
| | | of the Latitude, and drawn 
, : the Arches MN and AQ, 
1 ons make M N equal 22 
— 2822 Draw 
2 4 as alſo A Q.; which 
— will be the Alteration of 
ieee . 
| 4. Numericaly, it will be 
0 RE PM: rA. NN. Ne. 


* 


129 


126 Neigen. 
As the Cofine of the Latta 2 17 — — 5 ode 
| — 


So is the Miles of Diane 15 — — 2. 1931246 


To the miles of Longi rude 229.8 = —— 23613823 
Which Chong, into 7 makes 3 3” 49 4 


So that in Sailing but 156 Miles Eaft, in the Latitude of 47* 15 
4 Ship will alter her nn — 49 3. 


"PROBLEM W 


KK * Diſtance Sail d under any Parallel of Latitude, and the 
of Longitude were de Mites to find the Latitude, i. e. 

If a Ship in Sailing 980 Miles Eaſt or Weſt, alters her Longi- 

tude 6* o and the Latitude ſhe is in be be required. 


| Geometrically. 


J. Make F Q and PA ach, : 
uk to 96® of the Line of Sine K ee 

and A Q equal to the Miles 
Longitude given. | | 
2. Set of the Diſtance run from 
Qto M, and draw MN Nel 


00 the then fement of he _ 
t 775 ement 9 ti- 


5 Aeta, ir vin de „ 3 
A: . a. N 12 


75 i El 56 


1390 * 1 Cho 5 + Q7 
As theDifferency of Longitude 3 in miles 360 — — = agnegors 
To the Diſtance run 1 80 nm — — 2.252725 


So is the Radius — — 19.0000000 


0 — i. 


10 the Coſine ofthe Latitude b6* PE 7 0 — 9.6985700 


* 


een 


Novigation: Dh 127, 
So that. if in the time that a Ship Sails 1 miles, che alters ey 
LOWS 00” hes under the parallel 0 60? N gu Sth \ 


PROBLEM IV. 0 41 


Suppoling two places under the ſame parallel of Laticule; diſtant 
220 1 55 and 2 other places under the ſame Meridians wich the 
former, differing in Latitude from the former 3*, 30 and the diſtance 
of the two laſt places were required, i. e. 

* 33 = e 45*, _ IN rg 220 miles, 
Sail; both dir orth 260 it to wen ' 
2 r 2 —_ * e 


n 1 the diſtance Salbe | in⸗ 

KS, ci Bo and added it to the Latitude 

ber Said from, in order to find the 
nt they are in. 


- Geomerrically. 


1. 7. Make P M p to the Sine of 
» the Complement of the Latitude they 
— — Said from, and PO to the Sine of the 
Complement of the Latitude they SalÞd 
to, and deſcribe the Arches M N and O R. 

2. Let MN be made equal to the diſtance given, and draw P N, 
nin it interfefts the Arch OR asin R, draw O R, which will be 
n to find which 


Nuunericulſj. it will be 
"2M PM: PO: MN. OR * _ 
As the Cofine of the Latitude they Saild from 45% 00'= 9, ROT PMN 


as; 11678 al 

To the Coſine of the Latitnde th Sail u to, 49*, 20' - 9.8140 192 
So is their diſtance firſt ren — 2 2 
——— — 

To tel Utatcerequral 202, 7 1 — 3069759 . 


5 * 
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* * 


131131 


))ͥͤ ES 
ho there are other Queſtions of this Kind, yerks that through- 
ly underſtands what has been ſaid npon this SabjeCt, will find no 
difficullty in reſolving any other that can be rope 1 

By the Help of the firſt Problem is the following Table made, 


„ - 


 ſhewing the Miles of Latitudeanſwering to a Degree of Longitudein 
any r of great uſe for the ready reſolving all Frcklems of 
this 0 a | . 48 2 15 N * 


, 1 ® 5 - 
4 
o * 1 
0 . 
”"s 


4 " 
| ; * ” — — — 
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4A TABLE Shewing how many Miles Anſwer: to 4 
Degree of Longitude, at every Degree of Latitude. 


[ 


23 a — — ER 
22 [= Niles. P. Ly Miles. I. L. Niles. 
i | 59. 1 8223 45 
— [För 151 
2 | 59+ 34 1 34 v2 

3 59. 86 | 25 54. 38 
138 11 5 14 
5 | 5% 77 || 2 * ſ | 
1 . | 8 P 
r. 47 I 57; 
8 | 59. 4-1] 3o | 51. g6 || 52 
1g | $9. 26375. | 53) 
10 54 | 
II 55. 
12 3 
13 3 
5 56 
15 59 
45 60. 
I - GT 
# v 62 | 8. 
9 27. 
4 HIFI 
+ 7 41 : 
1.22 24+ 
23 67 23. 45 1 89 12. o 39. 
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Tho this Table bemade only towhole Degrees of Latitude, yet it 
will not be difficult to make it ſeryefor any Latitude wharſdever ; by 
ſaying as 1 Degree 30 the Difference between the next renter and 

| 5 | * 


5 " Kanga LN *- | 
leſſer Tabülar Latitade,f5? s the Exceſs of the Latitude propoſed above -. - 
the next leſs Tabular Latitude, to a ptoportionable part; vvhich ad- 
ded to the Miles anſwering to the next leſs Tabular Latitude will 
give the Miles anfwvering i to the Latitude propoſed. Th 
If it were required to find' the Miles anfwering to a of 
| Longitude; in the Latitude of 51% 32% it will be. | 
As 1 Degree or 60 Minutes: to 82, the Tabular Difference 3 
tween the Miles anſwering to 5157 and 52% So is 32 the exceſs of 
the Latitude given above 531, to 44: 7, which therefore Sub- 
ſtracted from 37, 76, the Miles anſwering to 51 Degrees, 9 37, 
31 the Miles anſwering to 1 Degree, in the Latitude of 519, ; 
By the help of this Table, it will be eaſie to Convert — 
od ngitade, into Miles of Diſta or Miles of Eaſting or Weſt- 
ing, into Degrees f Longitude, "any Latitude \Wharſover 
For | $ ut on ; (19477 v4 | 
1. If it were vited to Convert Degrees of Loi itude into 
Miles of Diſtance, e be e 1 


A8 1 ee av the Miles anſwering thereto it in me Latitude pro- 
Fo the Difference of Lenghtade _ the Miles of Diſtance. 


1 
88 


= two Places Eaſt and Weſt of each other, in the Laciends of 
20 whoſe Dill wn ra. reg is-2*, 27 and it be required 
0 Bd the Diſtance 2 em, it will be, ving found out the 


As 60 Minutes to 43, 8 is 2% 2) or 147 linutes to 106, 92 5 
Miles the Dune 9 em. 


1 1 . TE 
5 1 1 wi 4 * 
© - 
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2. If it were 7 to Convert Miles of Eafting ll Weſting 


into "Anion 1 Lougi e, it will be 
te Table the Miles apſivering to a Degree of 
5 under which you i 1 
ws; 12 1145 o fed — ee, ſo i the Miles you tans! 


Sail'd, to the Degrees e, Thus 1840 | 
Suppoſe I have OW Alles under the Parallel of 43 A 30 
and it be required to know how much I have altered my Longitude, 


5 the miles anſwering to 1 Degree, in the Latirude 


13% 


of 427 the Miles of Diſtance: So -x Hon, to. % 23% 

* oblougrode, ans fo e 0 
Le 7 tei E * 2 31 36917 : : 

By the Help of "this Table may all ch che F Problems b cherte progo- 

ſed: (lore ion hecallly reſolved, bur this I leave Exerciſe the 


30 to 
rence or 


In of the Y oung Student. ” 4 | T a * 1171 4 8 1 1. In 
v1. . 73 - Bi MY e off x 2643 * (J . 1 71 | 1 7 . 1 "7%" N | * 1 
1122 f 8 Ce 4 DF £ 


-i$6+ 2 $4, C ANIL STEAL Oui © 
Lade Method) pol nl 2 n * e ho 
a Perfect Solution can be given _ no Queſtion; except ſuch 
wherein the Couiſe is directly ſome Parallel or Meridian: Yet 
if the places are not very far aſunder, and theis Meridional 1 
be Converted inte Miles of Longitude, accord ing to che 
of the middle Latitude between them to, the Radius, the 
will be ſo very ſmall, that almoſt in a Caſes it may Nets be 15. 


„as will manifeſtl if you com he ow 
ee K 8 15. e 


«1 \ 2 = 


: * 0 L 

91 5 , TY 6 4 4 3 #54 wy 4 * 4 * * N * 

* 4 7 * — IL: — * Th _ — wg * | 
£0. 356 Meant 7 | LY ' 


. 2 7 4 , 1 «> ſe ” 4 2 
£4 4 
* rn „ . CE K 


NE Latitude Courſe e "4 
0 = r of n * given, 
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* — 
12 1 * 
1 oy 1 


2 Eren. 215 340. 10 — Pr 


4 4 


toes of . wins? sang 8. Ae | 
wk from the Latrade 4 +39, Seen he 


Wide 87 173 eo bo repel wo 
| has aler her TOs einne. 
75 * 20 W411 E794 F KY NO1 pl 5 
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Js uo. 17 2 id 217116 Don n Nin work 2501 uA 


15 11 ch al 2513 1 97 gui cali od 
' Bay. | q 
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| Grovtetricolly. 


1. Having Cbuſtructed the Triangle 
A BC — * to the Directions given 
in Caſe the iſt, of 'SeQ the ad, take the 
D Sine of the Complement ol the middle 

—tatirnde;-and-fvecp-the Arch DE till its 
Je Chord be equal to C By and dravy A; E. 

2. With 90“ of the ſame Scale, ſetting 
© one Foot WW the Com es in the Arch 
FG, which will be 


n. elt ict? 


"ts e ge . 


« * r 
1 . — <a — + 
0 LOT . 


Firſt find Wers to Caſe the eft of Plain Sailing, her Depar- 
rure, Of Meridional 1825 be 
8 CBA B Ci. e. 


* - 
FF © & 
a ; * 
* C1 Di * Y 2 wa ai F : 
9 45 As ch. LY : | 4 ® . * * 
Ee us , . o Pl = v N 
2 —— 


To the Diſtance 87 Miles — — 19395192 
Sol is the Sine of the Courſe 39; 22'2 ee AN; 9. $023585 
nod. 7} 


5 ec wilt fro Mites ef L 


the Difference of LatituleGQ. % 
AAC es BAC ABI. 


— — ο⁰⁰˙⁰U 
ID n ee e 
& Saibd 87 Miles — a 291 7 
e 22 7 — — 9.888 

j ' T6 9 


95 


* . 
a” wn, 


r 1.7408 7 
— bind by the 008777 8 
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o t or NOH 


r aus 
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K or Hatiwde 65, 256 — 7A d27IOUS 
be found to be in ** Latitude of 0555 HA 

e efore T 


—— 


ai JIN Sy 75 * 


fs | 


eee el Longirule if ü 


N FS * 567 Peder! ADD: 2 DR ell 6 C. e : FT 
#15035 15 * 15 8 | 
due Colinevf the middle Latitude, 47 146 j 22” 4 8274150 


Ts the Radius . 1000000 
* rhe nay of Deparcure — 1292 55 14877 


To the Miles of Longitude 8 — Dr 27 
By which it appears that in Sailing 8 W by 8 Way J $627 
from the Latirude of 485 20 North, ſhe has akered er Tac 


155 22% 10“ 


* : — * | FOE F £ way. 
— . . * - 7 
. \ -»: : - i 4 * I £ 17 * E 
4 * 1 3 4 
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3 1 * . ® 
| f 1 : 45 
- 19 1 4 2 4% 24 * 5 
2 1 j 1 p * 2 I „ 84 
12 1 © 7 Pp 15 F - 4 . 7 1 * 8 „„ 
* * y " 
: + © . l 
Fe o - 2 % - 4 , * 8 4 — * 
. 94 * #— @ *%.& 
* 1 8 1 
* - (2 Cc Fa . . 


Fw Latitades-and — nn the Difference of 
ants | 


1 ＋ . * 
© 1 - 1 0 „ a+ 
—— _— : * 24 : - h — 4 - "* x * * hs, 


re 


. Ship-from the Latitude. 35 30! North, Sails 8 Fl 
then is found to be in the Latitide 4 2 46* 20 VN: N it be required 
to know the Difference of Meridians. Ami L 10 Sn Did . 
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| Geomerricdlhy, | 


„ mos — Lada and". 

.  Formrhe Triangle ABC , according to Caſe 

 theſecond of Plain Sailing. ol Mg te 

2 —— $2 

- _ of — 3 3 the. 

A to the Sine deſcri | 

Ao re pu. 1024 4 
Bd, and pr euer 


b Make DE equal e 
AE, till it meet G the Ao Arch in G, and dw F d he" 
A Winde. | * 


7% Eniz or Kluge 2d 1; bv 7 85 1 a an 136.1 wid ea od * 


To find which Avithmetically it weill be tanie 
„ 4 „Ac. 


As the Radius — _ — —— loco 2058 
F | q oz vo brit ett! 180 01 — — 
To the Difference of tirade 70 —.——— 1. 84708 

80 1 * the Tangent ol the e 45 eee —— 


To the Departure — — —— 
To Convert which int Miles of — it Till be 


AD: DE:: AF: FG . e. Kimi? 
As the Coſine of the middle Latitude 46%, 5 — Y, 8344597 
2 AWN. A ITY * — — — 
To On = — — — —— 6,9 
So is the Radius B 


To the Miles of itude 68, 94 —.—.— 1. 8355309 
Whenceit is manifeſt, that the rv SE mage) is 1“ 09% 
fert. but for the Diſtance it wil be as ago. gry 92 
= cs BAC: AB:: R: Cie! = 2 But 1b 
Hs he Coline of the Courſe 33% 4ͤ - 99198464 


„ © 


To the Difference Ss - 


To the Diſtance 84, 19,— 


- Caſe I. 


8 4 2 Shmid? Shhine ads d D * 55. . 
F de Dirence of Latitude = Diſtance Salt d, e 
ind the Alteration of Longitude, AE If 5 © 


1 12 22UMI eck ei oe 

. Eranpit. | 1 
08886 — . on eme 
If a Ship from * e 30 50“ No Sailes between the 
Nom, __ the Eaſt 78 Miles, and raden! is found to 


be 


134 


to be in the Latitude of 5 . uired to 
Difference of Longitude. 4 5 N roma 5 _ the 
| Geometrically.! - | , 
Find the Departure to Caſe 
the 4 of Par l N * 
of it and the middle find 7 +4 101 
the iſt and 2d Caſe the Difference f 1 0 
Longitude F G. 4 
But if an Anſwer be ri . r 
n Me 1 
Ons = Feet * 77 1205 5 
| Spend! > AI Ds 5 
5 * + AC+BC: zAC—BC: bel. 
0 3 CY Aen. 2 
5 oO IL. * 1 en 212191 i 
e Lonndthin of the Sg CE 5 Ed ye”. 
of the Diſtance and Difference of Linttde. - | 143 2.155336 
Add the Logarithm of their — —— 3. 4: 139433 
| Half thar am will be the LogarithmT, ig 
RO: RE 


"I | And forthe Difference of Longitude it will be 
| AD-z- AE; DEF. i. e. 


| Asthe Cine of th middle Latitude 4's 225 300% — 98223331 
.£ > WW © £0 al #7 {7 $ TUESS * [ 4c 2 W 
To Radius — — . 


bee. 


. -— 6 
>: fr" a ws * LE I. ” #3 
. $7 4. - 
4 5 4 2 „ 

1 * 12 „! uy. . - J " ' 72 5 7 Fi 

: - 4 * © * 6 Gi = : - 
- = 
, a= o PE 
) 1 


N 


— es 3. 1 — j bun! 18.1 10 ese. 2 $11 2A 


Vis b 
pu end Vase IV. is of 
4 * 8. 22＋ ehe i Sf1J or 
: 4 off? r 4 


ee. # & 


#14 


-—-_ —_ „ 


p che Difference of 7 tt "IO : 
| I givento find The bert * cara i. e . 


me 


| the Latitu e of 48*, 38. North, the Difference of Longitude bei 
17702 Eaſt, and it be required to know upon what:Courle the mu 
Sail, (if poſſible) and how far, 5 


— — 25371 . Sch eto 


BY omen, . | 
1. By of the Line N describe 


the Arch F G, equal to 15, 0'2 and draw A G. 
2. Make AD, An E. 42 O' and ſweep 
D E All it 


Wc ext Gi and draw DE. 

3. — — of Lati · 

| rude, = Bc —— to the Meridional Diſtance 
DE, and draw AC, Which will be the di- 

ſtance, and the Angie B AC the Courſe. 


een „ 


1 e wwe e e | 


al, 
3 N 311] 15 n qt ide 8 1 


sc S won. or Loni 


As the Radius — —— 10.0000000 
— 17923917 

- e 

. — j ον 
N And for the Conte t. WM 


21 


| | Navigation: 35 


Ifa Ship in a Lane of 47*, 20. Se Bound toa Port i in 


#77 7 1 r eo 
ee e e © Gt: ADYDE,n | ſho lee 


be ebe. | 


x36 eee 
As the Difference of Latitude 78 ——— 8920946 


RR — EY 


To the Radius — 2" 1 —— FO. 0000000 
So is the Meridional Diſtance ———————— 1.6180428 


ao o 
Ga 


To the Tai 


9 2 
"I. 


- | N 
F e 4 45) we 7% 1 0 
| of the Courſe 28, 0 — 947259482 


N. N. E 3531 Eaſtwa: — 
But for the 5 ith it will be 
| 9 8, BAC: BC: 125 A Ci. e. 4 237.259 

| the Sins of the Cour . 13 «96118468 
 ©91145539% 5g is 718 $97, 
tongs te Beraten 5. ce — — 5 _—_— 16180448 
So is the Radius — — — — —— 10. 0000000 
To the Diſtance _ 88, 35 ——— — 1 0 


N Gain the Port in the 1 ſhe muſt Sail 
N. hy" Hit eee ee 


Reds 4d) 1 15 2 A 8 3 : 1868 8 2 97h 2 1 . 5 ft «! 
„ 3 4 x81 I 115 A il © :: 4 {1 — Fd 8 
10 Dan 1067/93 * A * 25 . 8 . A 


F. one Latitude Coulte and” e 541 ure : were given to find the Dif- 
6 9 ase offs abs vB A 


* 


If a Ship 62s he Laila Ya, de 05 Gy 2 Mil 8 Why 84 
Southeriy, — her FF Miles, and it be 


RR to Know . —. * alter er Longitude. 
10GCOO00C1 Ee — embril of: 21. 
cometrically * 5 


— $8 abinigno 10 gona Ts 


"BC. accard | 
h C iling, and eee het I - 
EIS, AB from the 


given, and ſet off the ebe — 


of the Remainder fr A 
eb und make DE oqu 9 8 V She! 


A E till 
Farbe ch 1 G DG mona 5 


10 


* foughs. . 


22 
we 
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To find which ; Namerically, it will be 
1. t, CAB: CB:: R. ABI . 


iy the Tangent of the Courſe 30 „ 56 — . — h 


To the Meridional Diſtance 52. ———.— 1,7 160073 
So is the Radius cn ——— = 10.0000000 


— — — — 


e Bp ee of Latitude, 86, 77 N — 9385745 
„ Zof which Subltractel frontheLankelhde de narted. 


4567 the middle Latitude: 1 ©. b ant aft l 
To find the Difference of Longitude Arithmetycalh , nil * 


1 55 DE: AF: 2 i. e. 
N 1% 64 
1 the'Coline of 43% 46; 7 Bs — 
To the Meridional Diſtance 52 eee . 1.160033 
So ik tbe Kadius — — of IRA I 6.Q209GDCO 
8 n e eee 3711 1 
To the Mie of Leude 72, 04 —.— —— 675500 
1 ii abbf 4 C9 931973AKS n 7 E TT 451% 
* 4 N in A; 41 0. Or, 12 Weſt In! þ el L Due rig 
Jet 1 711 in 
If the Diſtance be required, it will be 
8 ENT 35 Co ee =O 
8, CAB: CB; R. REL... 
AAA: d:: 2 bb 943 101 1 
As the Sine of che Courſe 30* 5 56. We 27102972 
TURTLE en trees heme tn ern Ct r 1 0 77752 ens 
To the oy 52 ——.— — —— 1.760033 
So is the —— 0.000000 


R — 1 6 DIDM oo nenngnrten— 


3: Tor ” E. — Ae to bus _ x. —k 95 


the Diſtance Saild, wag 3 16 ITS A Hee th 
ICS 39 Oo mods wo 


* " * 
1 a ; . 1 ; . ; Caſe 
= ' 
- 


1 IL. 
138 5 . 
* 


— 


% 


* Mor 71 eu 1 bad o 


; F the Difference of 3 * Metidional Diſtance were given 


to 3 rhe ang is in, as alſo her Courſe and 


HBiſtance. z. . f 
7 4 =... * 
- , 4 * 2 8 1 4 4 | voy SY : * 
SOD eee de ob eo 
ad or11rf he of arty 25 3 
1 - 4 - = +4 omen - -.- 1 5 & „ 
- N * OE . . * 1 p 5 1 Xanmpie. * . : 3 * : - - L. 7 * \ 4 . 


Ika Stip from the Latitnde 43% 257, Sails between the North and 
he Eaſt, untill her Difference of Longitude be 12,10; and her or Meri 
nat Diftance - 50 miles, and it be. x ired.t0 Know upon what 
oY ſhe has 8410 d, and how far, as allo the Latitude ſhe in; © 


eee, Log: * 


. * * — 17 


. Make A F dt to_the Difference of 
G * Miles, and A D to the Meridional 


12 — ane to the 
elne of 90% and draw D E parallel to F G, then 
will A E be * LR 0 the Latitude the 
IN. — ist in. mot 10 Lali 2d: of 

3. Make AB equal to the Di 
given .and laſt " "Bi und B C el to A D, and * 


che Diſtance dai d. 


Ty fund ahic Numerical. it t will be 


A: 


. For the Latitude AF: AG: 45. ABI 


rede 4 Ä — — 7 23 10 E 9 

= ae Difference of Longitude 70 - bn. - 1.1450980 
3 — —— — — 
$a Radius COTE © F©:00G0000 


—--$04s-the Meridional Diſtance 50 r 1.6989700 


1 S037 3, C won « 22 amor 101 18 — Ä ee | ny — 
| So the Coline of the Latitude 44*, 25 | 9.8538720 


- 1 — 


Nau i dion. 139 N 


bees de Diſcrete of Ladtide i$65, and therefore —_— 
Courſe, it will de WO r 
AB:R: :BC: Aer. 8 eb bat 
As the Difference of Latitude + Jo — — — 15757133 
To the Radius — — 2 1 100000000 
80 is the Meridional Diſtance 50 —— —— 1.6989700 
To the T of the Courſe 37%, 34' —————— 9.886056 
gar of N. E by N. 3* reh ; 1 
But for the ” Diſtance i itwill be 


| „ Ae: :BC:: REAC ire © 

hs the Sine ofthe Courſe 37* \ 34 Me en) 9.785049 
— — 115 F of FS FOIOY WIT GEE 1 
To he Meridional Diſtance 5o Lt i nn 1.6989700 
So is the Radius — _ - — —— 10.0000000 


— — — 


To the Diſtance Sail'd 82, o1 Miles — 19138651 


In ſuch of the former Caſes wherein the Departure was not given, 
there was no need of aQtually finding wy in order to Inveſtigate the 


other Quæſita. 

In Caſethe firſt, — the 3 Said from was 48*, 20 Nth, 
Courſe S * S 2 3 Welterly, and Diſtance 87 miles, to find the Al- 
teration of 
After A d the Difference of Latitude which was there 


ne caſe © Ris OO Latitude 427* * 


"Dit. Sab: R:: Dep: Sine of the Courſe. 
Ss Mid. Lat.: R:: pDIE, of Longirude. 


eres N SAP ſe will be 
As the Coline of the middle Latirud, 4 47 * 46 22 1" -$:8274150 


To the Sine of the Courſe, 39*, 22, 30 ——— 98023585 
| So is the Diſtances Sud 87 — — 1 9395192 


195 N 


To the Difference of fLongate cen. — — 9144627 


9 — + ® 


Wo. 2 Navigation. 
Likewiſe in Caſe the ſecond,; Where the: Geng vs Bs 
ifference of Latitude 59 Miles, and middle Latitude 4s", 55' to 

find the er of Lane! 1 Hin 4 > 


"ff Fa L223. 
——_— „4 — —ä—äꝓ 4 3 1 
1 


r "Becauſe ita | 
BOSS OO Loi f room otros ont nmr 

00 85 103, Diff. Lat. R. Dep.: Ta . 
. i. ono: oy W ar of Longitude. | 


So;t | 
27 Y 


Ws "It 


PHO 22 DE WAY Wh Uni . — 05 
8 | it will ie. Wo. 
As the Coſine of the. middle Lame, 46%, 55 $5 —= 2 2:8344597 
3 . LS, $3 $113 10 5 20 — — 


To che Tangent of the Courſe 23 7 gs) — 9. 8248926 
So is the Difference on Latitude 70 — 


FT: 


—— — 


To. the Difference of I Longitude 68, 94 Miles 2 178355305 
e Again, In Caſe the Thind, 


Were the Difference of Latitude was g ven A Diſtance Saiva 


78 Miles, and Gun e 22, 30 Fo _ the * 
mne | 


—_— 


Find firſt the Coutleas before by m 


2 * 174 er nl S377; Men >, 
"4s the Diſtance/Sail'd 78. — 82% 4% 


9 » 
ee — 


To the Difference of Latitude 65 —— — 18129133 
So is the eee e ao —— 1.0000000 


# + 172 


A + 2 "37 — 


Le! 42 , e IH 
To the Coſine of the Courle 33, 33% 26" 9.920818) 


wn. e 


| Then forthe Piber of Longtade, | 
85 Becauſe it is " 


201 — — 1595.3 9nt 325 _ l. 51 
221205 As de Dilt. Sind. R211 Sine of the Coe 21 
Ae eb Lat: R: : Diſt of Longitude. - 


— {03 If Mutte 4 da. re 277 » 


Fo : 52 


> 


moſt Uſeful SeQi 


Navigation. 
| It will be 
tack Caſs of th mut Latitude 48*, 82" 5 300 — 9. 8223331 


| To the Bine of the Courſe : 38 920. "= 
80 is "vg Diſtance SaiPd 78 6—ůů— 


141 


1.892094 
To the Difference of Lopgitnde 64, 9 — 1.81 23056 
E „ ee 7% AERIE — 1 
in an * — n — (\ "4 


Alſo; in Caſe the 4th. . 


Difference of Longitude was 62 Miles Diffe 
Larityide 78 Miles, and middle atitude 47s Jp 0 to Lach 


and Dn: S 
Becauſe it was, 


Cofine of the middle Latitude: R:: Dep : Diff. of a 
e of ach R:: Dep Tangent of the N 


As the be Dirac of tation 78 8 2 


* 


o the Difference of Longitude 62 — — 7923917 
Ve the Cofine of the middle A 477,9. — = 22 0 


70 de Tangent of the Courſe 28*, 01 l 7299482 
Which being found, it will not be difficult to find the Diftance | 


0 for others. _ Wanner 
Again, 10 IT end that nothing 


be 6 wanting to render this 
aSCompleat as e d one Traverſe 
ation, con 


with omitting the in- 
* judging lem led to him char il derſtands 


1 


1 


with its AQtual 


From the Latitude 2 9 N. North, alls N. wa 

. i then W. by N. 27,ther W. N. W. 38. 
I. dem the Ship is is u, 8 e mach ſbe kus 
aber ar Labhinuth 290930 Nb. 0! 21189 300297 ii: 


u | Fo 


Navigation, 
Solution. 


——— ———̃ —„— 8 * 1 = 
| Diff. of Lat. Dep. Diff. of Lon 
26. 80 11. 10 12. 32 
17. 78 126. 61] 29. 62 
| 5. 27 28. 460 29. 53 
14. 54 135. 11 39. 21 


+ 39 99. 30] 110. 68 


Hence Fs „ Ship will be found to be inthe Latitude of 26%. 34 
24 and conſequently the middle Latitude between the firſt and F 
. . is 26, 02 1 wherich and from the Departure 9g, 3 Miles, 
the ifference of L ongitude will be found by the form 7 Methos 
to be 110, 26 Minntes, differing but 42 hundred parts Sof a Mile 
from that found in the Traverſe Fable, deduced from each Depar- 

ture, and Difference of Latitude ſeparately, alth@? the Courſes are 
ſo much Weſterly. - 

By which the nduſtrious mT. Tee how little he will Err, Tet him 
2 uſe of which way he will; and therefore it would be mi 

|. if all thoſe who either cannot, or at leaſt will not deduce their 

Bieres of Latitude and Longitude, from their Courſes: and 
Diſtances by the true Method, (hereafter to be delivered) would do 
it by this, eſpecially. fince it "will ferve them without any confide- 
nl Error, in Runnings of 156 Leagues between the Equator and 
the Parallel of 30 Degrees; of 100 Leagues between that; and 60 
Degrees; and of 50, as far as we 1 rd as ſome * 


nuous Men have very well Obſerved. Hin 1 
7 ner: ET 
Abb wa conceives the < Superces of t 22 LY - 
w Globe to be Inxeſted — 2 — et, of 
Meridians aud Farallels, cannot bu 5 hen; the ſame 
comes to bs extended on à Plain (and as to make the 
Nets become parallel io eachother, andthe tes of Long 


© Navigation. 123. 
tude Se Le equal to each other, and to thoſd of Latitude) that - 
* orious Ettors will unavoidably tollow. 

por fi fince, (as we have already proved) rhat the' Parallels decteste 
in the proportion of the Sines of their Diſtances from the Pole, or 
which is the ſame thing: That a Degree of Longitude under any 
Parallel, is to a Degree of Longirude under the Equator, . as ang 
Radius to the Secant of its Uiſtance from the Equatvr.* The R 
ſentation of Places in this Chart remote from the Equator, wi w 
ſo diſtorted, that (for Inſtance) an Ifland in the Latitude of 60 De- 

(w here the Radius of the Parallel is but half ſo as that 
0 br wet tor) would have its Length from Eaſt to eſt, in com- 
patiſon of its breadth from North to South, repreſented in a double 
ion of what indeed it is; as Mr. Wright ere wel: abſerves 
in his W We of Errors of Navigation. F. 

To recifie which amongſt many other Inconvenientes, he there 
takes notice off, and to-contrive a Projection in Plano, that might 
be liable to none of theſe, was the great Study of man of the Anti- 
ents; and -_ 4 Method was hinted by Prolomy himſelf, yet it was 
never happily accompliſt'd; till undertaken by our logenuous Coun 
try-Man- Few Wright. ' 

Which he did by letting the Meridians remain parallel 45 befor 


pen e from the N in like pro- 
on wi | | 


e. | 
protrafited,/ to 3 Degree of 
a, (which tore aqui en pony hb. 
he Bo) as the Rad of the Di of ſuch Parall- 


el from'the Pole; ot as the ** of its diſtance from the Equator: 
bon JR of which is manifeſt from ard rr. Figure. 


4 l f 
+ J of the Meridian of th 
wn WW 17 „ te lobe, 
Xl „ um N the: Radius of an Alle of * 
N -tude, which is to the Semidiameterf the 


14 12 Equa- 
l the Arch i. e. 4 97 tore, as Hach been al- 


1 N23 ready proved. 7 4 036 3113.00 rt 
. em draw plcatied'to 7 eren 
lr meet 5 t produced in m 4i 45 Ace ah 
r26qual to © 5; ROD Ing al tb 
l cs chr: en. 9 nog ed! 
. U 2 ct will 


* 


” '>tot,” as the Sine of the Arch p, to che Sine 7 


144 3 Navigation. 


et will become every where toc m, that is the Semidiameter 


of the Meridian in any Parallel, 15 equal to the Secant of the diſtance 
of ſuch Parallel from che Equator. 


Whence it follows, 


1. That a Degree of the Inlarged Meridian, is pe where | 
w the Secant of the Arch contained between it and the Equa xe qu 

2. That its diftance from the Equator, ſhall be equal to the Sum 
of all the Secants contained between it and 1 uator. 

3. That the diſtance of any two ſame ſide of the 
Equator, ſhall be equal to the di ay the Sum of the Se- 
_ of n—_—_ contained between 'each of the Parallels and 

tor. But 

4. That the diſtance of any 2 places on comrary files of the 
uator, is 1. to the Sum of the Sum of all the EIN of each 


the S, from the Equator.  » 
parallels, A ble Projecti ion (which i in 


The Property of this Inc 
moſt Caſes is preferable, even to the Globe it ſelf he being thus found 


out and Demonſtrated, the next —_ 1 ary a ready way 
for finding the Sum of the Secants o given Arch. 
„This Mr. Wright did by the = Addition of the Secants of 
„ ac thence formed a Table for the eaſy Divi- 
Gon of che wa Line, which. was eg 24 the 


Mariners Uſe. 

But how to compute event the Meridional parts anner 
ing to any given Latitude, or the Intervał between any twe, was 
not known; till after the Meridian Line or Sum of the t5 was 
found to be Analogous to a Scale of Logarithnaick Tangents, of 
* e c. Ade of Latitudes. 

iſcovered by Chance, and afterwards Proved b 
Mr. t. . in his Exercitationes Geonetricæ 5 but with The 


. 


2 Train of Conſequences, and Com lication, of Proporti 
the Evidence of the Demonftrati a 5 maine lol}, and 
the Reader tired before he attained it. 

After which, deer Mr Helly — obſerved, 
the Rumb Lin — »portional Spixals « Pain of _— 
e Run ines are pro a [ 
 thayce the Differences of Longitude, or Arches of che Equarer, are 


the 3 or —— Rationes, of the ſeveral r 


[ 


Navigatioit. : "#35 
of the Pole from the Curve, terminated by Lines drawn from the fame 
Pole, to the ſeveral diviſions of the Equator, which Diſtances ate 
the Tangents of half the Complement of the Latitude in the ſame 
Projection: It follows, that the Diffetence of Longitude, are the 
Logarithms of the Rationes of thoſe Angles one to another. 

And ſince the Nautical Meridian is no other than a Table of the 
Longitu 7 anſwering te each minute of Latitude on the Rumb- 
Line, making an Angle of 45 Degrees with the Meridian, it is mani- 
feſt that the Meridian is no other than a Scale of the Logarithmick 
Tangents of the halt Complements of the Latitude. ' 

Now, Since in every Point of any-Rumb-Line the Difference of 
Latitude is to the Departure, as the Radius to the Tangent of the 
Angle that Rumb makes with the Meridian; and that thoſe equal 
Departures are every where to the Differences of Longitude, as the 
Radius to the Secant of the Latitude; it follows that the Differences 
of Longitude on any Rumb, are Logarithms of the fame Tangents, 
but of a; different Species, being proportioned to each other, as are 
the Tangents of the Angles made with the Meridian. 
&) 30- aT founding. 2 30 Seti ors cn 


i \ 
* 1 
1 ” N "+ 5, 1 97 F 4 * ' , E © " 
"1-1 1 | butt. Hence, elmo of 440 115% 


- 5 
o - 


From any Table of Logarithmick Tangents, it will be eaſie to find 
the Number of equal Miles of Longitude, anſwering/tg the Diſtance 
of any two Points, in the Meridian of the true uri, and tonſe- 
quently to make a Table for the ready diuiſion of the ſame. Fon 
Having determined the Angle which the Ruinbetint makes with 
the Meridian; under which the Differences of the Logarithmick. Tan- 
gent, are the true Differences of Longitude to every Degree or Mi- 

1 5 of that Rumb to the 


abr bite ere of Lengirode 
angent of the Rumb under which the E 
nies to the Diviſions of the Meridian Line : is the difference 
of the Logarithmick Tangents of half the Complements of any two 
Latitudes propoſed, to the Difference of Longitude on the propoſed 
Rumb, or the Meridional difference of Latitude between the ſame 
places on the true Chart: And ſo is the Logarithmick Tangent of + 
the Complement of the Latitude of any place, to the Diſtance of the 
ſame place from the Equator. | ASI ITED 
. Now, If we put Unity for one Minute of Longitude, as in the 
Common Meridian Line; becauſe the Length of the Arch of one 
Minute, is 009290888 Cc. and the Index of the Brigg's Lep- 
| | rithms, 


1 gs. p Nigel 


rithms (from: which: Utes Tables ate made) 230258 Cor. it will 
be as 230258, c. to 290888 Oc. ſo is the Radius to 1, 2633114, 
Ec. che Natural Ta ngent of 51% 38, 9, the Angle which the 
Rumb Line makes with the Meridian; under whick the Common 
Tables of Tangents are the true Difterences of Longitudes. - 

Wherefore, as 1263 to 1 Minute, ſo is the Difference of the 
Logarithmick: Tangents of + the Cor — of the Latitndes of 
* two places, to their Meridi Difference of Latitude in 

inutes. 

— Eo gee owe. 
p ogar angents, or Tangent Comp of ha 
the Complements of the Latitudes of any tivo placees, on the ſame 
lide the Equator, divided by 1263, will g give chic Meridlonal Dit: 
ference of Latitude. 
2. That the Sum of the Differences of the Tangent of 45 Degrees, 
and the Tangents or —— of half the Complements of the 
Latitudes of two places n of the 1 rigged by 
1263, will give their Meridional 9's 
3. That the Difference of the Lice Tan Tang gent. or co- 
Th t of 4 the Complement of the Latitude, and the Tangent of 
egrees, divided by 1263, will be the Meridional Difference of 
Arms oy Minutes. Or which is the lame thing. 

710 the given Latitude add 45 Degrees, and having found out 
the» 2 Tangent of the Sum, reject the "Caratteristick 
and divide. the Remainder! by 1263; and the: Quotient will be the 
'Meridional Parts af the Latitude propoſed. 

- Hence we are taught a ready way to find the Meridional parts 
contained between any two Places, or to form a Table for the eaſie 
n PL, by hong. of the 


mee pr ns M T2605 n 9 
. 7 A , „ 14 9 
KY 545111 89 yoo N i AL 1 f 11 7 red 4: Tel 147.80 . . . * 


n vn it e OS an 70 emen ttt 30.1 
ioo 5411 0 230 wh es 0181 C1} 917 Gi £51000 4 73513 
49910758 21.107 G ZNO 20 POOLE gr 200 di. 
5 T nidzissz l 20 8 el Eu 1 5. aun ad ho 2: 
2110 lid 9:41 07 axle TY „ OLn. I ot 10 rtr 0 ad; 
1018417 9137. mar: 42H SOL, 


ef; ni 28 ebmigno] 10 iA S 301 Was zug ove 2 e920 'A 
20 10 — x ans. 201 sed .I neibitzt “ aomme!t 
ol £44 of 10 xabri wilt bt: 0 = ide 
211111712 


4 „ . 
5 $ 
X ; ? ! 
. N ' ; : 
$ L F 
# 
— —y—̃— - . a ——ʒ—ä— —-— — . — — * a 
——  - - _ 2 EE — — —— — - - p * * 2 4 3 ** SLY - F 


5 * a2 — 


A TABLE HT 


„ 
* 


——— ny Togo 
Pb old do termi | 

1 6 7 819 IO „n 
F TEN y 
* Min. Min. Min. Min. | Min. Min. Min. | Min. Min. acne. ai _ | 
7 5 . 


2 — | 
481 7428031 6641 7:53 7858) 
42210482 5433 604116651|7264 7879 


| 


4231148355443 667657 7274 7889 


Oo ©, 0co I20c 1801 2402] 
1| 10 G10 I21c|iBI1 £412; 
2] 20; 620 122<iBz1Þzq2 

| 3 30 
L. 


4241048605473 60106717284 7899 
482054 2181 7294 7909 


497615483 609216702,731 5, 783 
7325 2840 
73317950 

6| 7961 


LY 
3 8 7981 

7991 
2 Boo 


4915524613 


74 
$334 6142 675 


554451531570 
73% 55461631677] 
31441374743 521495715 594 ,6173) 
375314362[496715 5746183 6794'7457| 8022 
5584 6193188047417 8032 

5594 6203681 4 7428 8043 

49985605162 13,6824'7438| 80g3 
7008561 5,6224/683 4/7448; 8063 
18 5625 62346845 7455 
9 


77011370 
7801380 


250] 85011450 


260] 860 1460 


— 2 8125 
| 6 


— — 


—"WERTDIONAT FAR: 


— — — 


—— ct... ul. 


. 


338053 


280313 4604 


3 44014249 


3 

39194523 
39294533 
1393 
3949 4553 
395 4563 
3365398 
397 


FRE 7575488, 5271 


4674/7781788 
9 52910589 65087120,773 519351 


4513 


335 
4543 


4573] 
45 


11907797 


654052695808 


| e | 
33 5694717 50103176] 
1 957 17 he 


536669777 
$1554 5757]53 7616987 
pe 
6396 00 7 

$406 0187633] 
4594]520c4 5209104 171702 8 76431 
399914904152 1c 58rt $427.72 876527 3268 
i 582515437 79497563[: 
$416}4019]4624]523c 7811 % 0 

[342440291463 424058 089683 


343040394644] 1 $467 707505 : 

9477 7 7204 
If 5488 7100!777 5 
555916498 711 


6457 706g 


96717 581 


39 
987 7552 8 


761 
* 


52 5 


7252 


5 0873077458561 
3495 109 ½ 57515 HU 55287141 75618372 
3 506{4r 10[471 55321 79175 $539 1817580 3382 
Miss ss 1611777618392 
$20jr 1205172 123 22]292.413 $20141301473 5]53411595c 5559 9182007 
$39]r 1301173 1]2332]293 3 $30141491474 1285 $962Þ6569'7 1827797 
$4J1 14041741ijt3 4212944 I 501475515362 27g e er 


WWII 


29645 5680 


476515372 
77515382 


99001 
Ihe 
0 11503 


598cÞ65 0,7 20217617] 
59996600, 212 — 


223 783 : : 
233 * 
243 


—— 


| abode. | 


ON 910o5j 9724 10353 
184959115 9775 10363 
21850619126 
385169136 
4/852 9146 
$1937 9777 
$547 19 


7 358781 
856891 


| off 85789198 
| 118705 9208 
. 599 219 


| 
l 
| 


24 2 827 


7 


11721 
11731 
11742 
e175 

176 


— — 


150 — TABLE of 


—————_ — Aww 


12251012892 
12262012902 


1226 12913 


r166812304|12945 
1231112956 | 


1232 12965 
12336812978 
112347152988 

12318 12999 
1236813010 
12379 13020 ſt 
1239013031 


1353 14787 14841 
133 
1358901421914873 
1293 5 [43 580Þt4230014554 
N74 14241] 489; 
11142 51114906 
l 1612 426211491 
13623 142731149 
1363 3114284114939 


13655¹ 43 O0 14991 
66043 174972 


12490123942 } 


117 
1175 


2277 


Si 2414 


zo 5529372 5 
21 530 322 85 
122773 332 E84 

187258543 24 62978 


12525 
135 $192, 


12411 13053 
12422[13063: 
2432453074 
24434" 3 
2454]13096 
25 ih 
5 
$7 RS 
112496113138 
13149 
: {3k 
JL; 171 
Rz 1 


— 3 


12680 1432 U 483 
A 28 881 
11698 — fI5005 
13705 q 50¹⁰ 
13720 14378 — 

913731 305 
4774293 5049 
379 £4404]i5060 
376 


4258 

13807 445% 7 — 

Don $126 
144 


14491 1140 


| 


5093 


1 


13839 


419714852 


1344042954970 


1441 f $071 | 
144d 5082 | 


se 1252 42 


—— 


IEKIBTON T 


2 


© Os — 2 


I TI — 
— at „ 


LPA 


vn —— 


we 
þ. 


* . 


ö 


— 


— 


ay WI. 


as ws 


8222 


ts WAS 
_ © 


008110 


22 | þ 


(Ach 


| 
fa ma 


8 


1318 


22 
LY ” 
* 3 8 


> | 


« = 
— - 
» S * 


. A 


SS RBRY 


Jes [10322 Aar 


10092 roy zelt 1351 
185 
13 

k 


1424 


* 
, 17755 
r0867]1 1498 
877/11 506 
8 1520 


12 910 10915 11 1115 


11162 


1270 


JT rr 57 


2 


119541259 
1009 Ito; 29 1196412603 13246 178991454 
11340 Let 


3 1975 1265 13300 139 
1394 1201 126657 13310395 
1403 120391267 


1414 [120 


11812057 
72456 [1209 


9. 111022742 


3214 ser 74513 
13224 1138 2.1452 
13235113 8 3453 


725 
15192 
˖ 5203 


13257 [T3904 14557/1 6214 
robs 1202413207 11774757 
e own | 


— 


199 
r264913285'r35 


1461 1ſt 5269 


13321 1 n 
1268813332013 11617018791 
r2699113342 139911146447 5302 
(02700103300 1400 146 

112721 1336 04 1401 


125921113 
1 5 


2000 326 


12173 12753 


12 12763 
e | 
12 2 13429 


4 — 
- 


1215 T2795113440 11 


121 
— 


1 21787 
wes fl 8 


| 


L 25 | 26 31 þ 32 [| 33 
—— — — 1 — — N 
A. | Min. | Min. Min. | Min, | 
> |x5560| 570 [roaBy 75580 
15511 161 19 592 0290 [z100 
15522 [161 19604 R0307 1019 


8 


© cw owmlawyn 0 


19615 [20319 ſexog1] 
19627 [20331 2 | 
19639 (20343 [>I05 
20355 DC 


6 
5 
[-0390 
10402 
5 041 
19720 RO 
19732 (20438 
19744 £245 
19756 RO 
9069 119768 $0473, [2118 

19779 f 1119821920 
19791 0497 EIZIN 21 

hd 18 933 


* — 
1 


— 


A 


0508 [a1222] 21945 


21234) 21957 
21245} 21959 
21258} 21981 
21270} 21993 


16; 


[16432[1710 21282] 22005 
41644347116 [7 11348 21294] 22017 
6499 17128 118492. þ1 JL [23306] 22030 

| 1 | ; $1319] 22042 | 
* 508 ROT [2.13208 2205 
x 18 627 lax al 22006 


| — 


G6 | a2Gx2c 


MERID 


es. ne hs, let... Mi. 


IONA 


L FAKTS. 


4 


257 26 


1583206499 16499 [2717 
165I0 
i585 4116522 


5069100533 


I 5876}16 1E E 
1588778575 555 
1589816566 1) 
159g 578 17 
38 15920 16589 1726317943 

38325505 ˖ 5600 1 
159438611 11928 $[17966 
1393 16622 17497 1179787 
x 596511663 4; 


159 16658 
e 


1595 


36105 167. 


1613 
1614 9853 
126154 


— — 


Ain. Min. |: 


122247178 


12 


. 

19499 
18875 I9510 {20Z13 
1885 19512 [20225 


19534 [9237 


1 * 19755 4 
1 19569 [3 9222 


Min, | bd SaaS: * 


17432 oat 
1744 181 SEERY 
127455 [78137 


. 


18538 1927 [19931 
1855019243 
18561 15184 


18572119206 | 
1255 


1803 1932 


e 


129119394 [22090 
12 116407 


372219417 


873419429 
18745119440 
18757119452 


19464 ; | 


19475 


49 


19278 (1 978 


19289 19990 
28887 19301 


861911931 
Rt 


11933 
1868311577 19347 [200 
3119359 


— —_ 


22325 
60 
91223 
20202 20913 [21631 
3092 5 1.1043 122.570 
22385 
7394 
12497 
I [22419 


223334 


22319 
22 570] 


2 27149 27951 876812959 


25 
ö 23617126 
© [+563e]26419]Þ 7202128 2965313 0498 
[55643Þ5433 27215660208 37 


[3 
" 
| 
1 
bh 
'4 
* 
_ 
ww! 
| 
8 
Wal 


2 559112637112. 7162127965þ28782[29611 
6041:6384|z27175127979879 512962 5 
3971271 380912963 


39427 
30441 
39455 
3a | 
30 


bse 
5669126449272 42]28047 8864 


HE ent 225 als 28892 2972 


737 [2 $79714648 


D 27495 Bic 


EN UE. Ray 
| 27322[28128 
19 15 2573505 — 7338141 


— 


57851265682 738281 88809821 
3; 2275 16 5 00229835 


28195|2gars 29849) 


E 


| 888 AE 


130555 
OQcC 


3060 $i rom © 


I [2577}|6695- RELATE 8974298070654. 


0669 


5 


1 


| 


"MERIDIONAL PARTS. 155 


— . — —— — — 
. 35 6 736 3% „% 4 * 


Een - ' —— 


Ain. e Ad 98th Min. Min. 


— — 
—ͤñ— — — — 


FFF 2.583 7266202741 5/2842 3129043 


31 21823 23 565 243 192.5078 25850 2663 3! 45449 2823629057 29891 


3212283 523 577 243292 5090 12952 2 6646127442 2815 29071 29905 
33122847235 24341]25103 258 62660027455 182639084 29919 
3 22823502 243 243 5425316) 25 25 2667327409 28277 290979 29933 
35572 23674 24367 5129 25902 6686/2 7482[28290) 


36|22684 236 272437925142 2 591 426699 7495 1130811 | 
3712289723 639 24392]25154 2 39282671227 50g 30826 
3 2250923 6522440425167 25941 4 7522 30840 
39 9212684244778 259542673 207392753 5234 2854] 
423007244 25193 2 5967126751 27544] 
41122246236 24442/2 5206] 2 5980 26765127 502 
22958 2370224455 25238) 2 2 5993/2677 827576283 
257023714 24425237) 2 5000/26791]2.7 589) 
124. $244] 20019 26805127602 1 | 
182585 292 5030088] 30940 
iy 2926 30102 30955 
8252 29278 30110 30969 
12 2 75 29292 301300 


255 


2252 


27737285 


e 65883021 11050 | 
27764|2B5 77[2940330243| 31 


19431302210 31127 


2944430285) 11147 


— 


| 
4 
U 
1 
1 
1 . 
* | 
YN 
4 
3 
14 
4.3 
4 
1 
. 
1 
1 
\ 
vb 
lo 
M! 
' 


vl 
| 


by 
8 


| 

| 
1 
ö ö 

| 


OO ws” —— 


Li 


— — —ũ— —— — — 


— — — 


311 


31214] 32 


tha 


 3£242]- 3211 


31286] 32160 


31343] 3227 


3 1408] 323 


: a 4 
46 47 | 8 4 


311 fe wenn 77758 33821 
Jurp 32042] 32932 | 33536 

5| 32057] 32946 | 33852 
311991 32072] 32 r |. 338367 


3224 32101 32990 | 33897 


312575] 32130] 33020 33920 
31271] 32145} 33935 | 33943 


31300] 32174 
3131 32189 
| 31329} 32204! 33995 | 34904 


| 37445 . — 33215 34727], 
314591 3533 33237 31142 
31474] 32351], 33246 | 34158] 35089 36035 


* 
: 


— | 


% % / n g ＋ v7 , 
Min. ' © Min,' Ain. 


— —— 


35739] 38701 
32975 33392 


36734 


3300533913 
3581 
33950 3395s 


33955 | 33 
3308033 


33170 34520 35895] 3 


33073 
33261 34173} 3510 36058 


| 49 0 gr © FRE 


17608 
35752 36717 2704 |- 


$774 
367501 37738 


34885] 35832] 36 


[31354}: 32233] 33725 | 34235 
"37372 32248 33140. 34050 
31387] 32263] 33155 34096 36913 1 
2514 32277] 33170 | 34081 p| 36929] 37921 
314160 32292] 33180 34599] 35946] 37938 
| 31439]:32307], 33209} 3417 


21 27255 [39977 


18557 2 


” 
N 
1 
1 
* d ? " 28 185 
„ 


2 188 35120 36071] 37044 
312825 8 N on 
| 31517] 32398] 33291 | 34204] 33 30087} 3 7c 
| 30532] 3241 33306 34219] 357151] 36103] 376 
-3 7544-32425] 33321 | 34235] 35297} 36119] 3709 
| 31561]: 32440] 33336 |34=59]\ 317 36136] 37109] 18105 
4 33575] 32455|_33357 | 3425s 35599 26152 — 
a nin; | adn; . . 


36880 4H 
36897 325 G9 


| 8 3 Wy — 
 MEKIDIONAL PARTS. T5. 


* 


| 343 
87 34494] 35349 
3 447 


„ Min, 

1 - 
35214 
35230 
$2206 
312 1 


3435 
34373] 35399 
35324 


35356 
34435) 35372 
34450 

34460 


43 35493 


35415 


32722 
32737 
32752 


2] 3359 


| 32766 


] 32781] 


(_34497 


34512 


34524 35467 


35388 


35425 
35471 


9 — — 
* 


t 


| Min, 
Jer 
36184 


36200 
38216 


34342] 352771 36232] 37208 
35293 


6248 
3623. 
35285 
35296 
36317] 
30329 
634% 
36361 
36377 


—— — — 


3640 
925 


3549 


3373 


3374 34967] 
6} 337 
| 3377 


3379 


[33 


4. 


4 


9. * 
33729 


2 


I 


83 
34698 | 


35577] 39539 


36442 
36458 


39523 


| 36393 373: 


4 


* 52 | "yg ; 4 


— — — | 
37142 38139 


37159 
37175 
37192 


37224 
37241 
37257 
37274 


2 . | 


28207 


37290 


37397] 38308 
37323] 38325] 


37 


36297 


37422] 38426 
37439] 38443 


38156 
58173 
38190 


38223 
38240 
33257 


38291 


38392 


38309 | 


38400 | 


— 
— 


— 


ES 


1 


— — ͤ— — —O = 
—  - 


— . 


— 


— - N — * — 
— FFF 
— * * 3 —— — 
— — 


— 
— 1 — . I 


— — — 


. 


2 
— 
— 


_ — Tt 


U 
(l 
4 
bi . 
, . 


Kh 
iſ} 

my. 
b 
. 
FR 
ll 
[ 


_— 23 
. — — >= 
: GEE 2 4 as 


= — 
” * 


— — 
— 
— N—— — — 


— — 
— — 


— 
—————— = — 
— — — — 
. 


— ̃ 
— — 
— — 


— — — — 
— — 3 
Donors — — 
- 


o 


— 


ea ovlaw vg] ol 


_ 


: 


[a 


39715 


1 39820 
39837 


| 39907 
ED 


| 39977 


488114288 


2189 


39697; 


39732 
39750] 49811 


39707 "40829 


39785 40847 
39802 5 
40883 
4090¹ 
40919 
40937 
40955 


398551 
39872 
39890 


4299T 
153 
399 941027 


47045 
41063 
41081 


| 41099 


39995 


412170 


2170 7D 
401360 4207 


49353] 41225 | 


40171 412 


40973 


41009 


41117 
41135 
41153 


3219 
41918 43038 
41537 49057 
4955 43076 
41974] 43995 
41992} 43114 
42011 43132 
42029] 43151 
420 43779 
42 31 
42084 $2208 
1103 | 43227 
42121 15 
42140 2285 | 
42158} 4328 
£32177 $353 
"42195 43322 
43342 
43301 


423399 


43448 
44307] 43437. 
42325] 43436 


EE 


|. 4234 43471] 
2821 


43380 


— 


1483 
45513 


44131 
44150 


441 


44179] 45354 


06] 45495 


| 45676 
1} 45716 


| 45534 
45334] 46555 
46575 


4537 251. 


72 


45434| 46 
454541_42975 


45475 


45515 
45535 
45555 
45575 46803 
45595 
45615 
45636} 4 
| 45656 


45696 
45737] 


' 
|< 
— 27 
 —Þ 


405 


Min, 


| — 


47750 
4777 
50 


4781 
47835 


4793 
7 | 47878 
47 


| 48135 


49072 
49094 
49116 
49138 


49160 | 
49182 


492.0 
4922 


| 49248 


49271 
49293 
49315] 
49337 | 
49359 | 


45381 
49404 


4942 


49448 
[48157 42470] 
| 48178] 49493. 
48260] 49515 | 
| 482221449537] 


48243] 49560. 


150 


483 
48329 


1270 
Wk 
Pikes! 


43265] 4958: 49582 


"WEKIDIONAT PARTS 


— IO * — ht. . r th the re I 


— 


L. | 55 36 | 97 38 59 „ 83 
n ng * 
ö 4 
a Min, | ada, | Min. | Mn. | Mn. * 
30 49206] 44279 42381 | 43513 | 44976 | 48394 94 J 
31 4224 41297 | 44% 43533 | 44698 4341 49739 | 
22 45242 413150 42418] 43552 | 447! 43438 49761 | 
33 | 40259] 41334] 42437 | 43571 | 44738]. 43459! 49783 
34 40277|-41352 |_42456| 435901 44757 }- |- 48481] 49506, 
229 41370 | 42474| 43009 | 44777] + 45393) 49928 
J1 40312] 41388 | 42493 | 43628 | 44197 435251 49851 
37 79356 41406 | 42512 3665 44317 43546| 4987; 
3 40348 41425 | 42530 | 43607 | 44836 48568 49896 
39 -4030G 81941443 _42549 43686 | 44856 44850 48590; 49918] 
40 49383 41461 42568 43705 | 44876 7326. 45012 49942 | 
41 | 40401] 41479 | 42536 | 43725 | 44350 | 40103} 47347 | 42033 79585 
42 40419 44% | 4295 | 43744 | 44916 | 45123] 718 43555] 49986 
43 40436] 41516 | 42624 43763 | 44935 | 45143] 47399. | 49677 $00og, 
44 40454 40454 41534-42643 443782 44955 | ©99f- $002 1 4 
45 | 4047 41552 | 4-001 43802 | 44975, "50054 | 
46 | 40490 41570 42680 | 43821 44995 50070 
47 | 40508 41588 4269 43840 45075 50099 
46 40525] 41607 | 42718] 43859. Þ 45935 5012 
49 e 2236.487940 $0144 
50 "20501 FH | 42755 "43998 | 45071 45975] 9107 
31 40579 41602 | 42774/174504 90 
52.1, 49597] 41 680). 42793 43937, 45114 50212 
53 |. 4961 4106 698. 42811 | 43956 45134 50235 
Fr 4283043975 $5154 5OL58 


— 


— 


6 | A T 
180 KANN IAB LE r 12 
FR ” w— — LY LY 0 — — — 
® — 


* I TI_ * 


— 
. 


| Min. | * 
0 51 5526 "59650 | 61 6 | 
1 7 51512 53260 59689 61288 63587 
2 504409] 51836] 53285 5971861519 6341 
3 50463] $1860] 53309] 59747 | 61550 | 6344 
AIR $9777 | 61580 | 63478 
1505 59800 6161163511 
6| 50532 59835 | 61642 63 543 
7 50555 59865 | 61673 | 63576 
50577 59894 | 61704 63609 
PLES 59924 | 61735 | 63641 
10 — 58226 59953 22 6367 
11 59983 | 61797 0 
| Iz | 5066g] 52073] 33532 oOI2 | 61828 Tan 


113 50692] 52097] 53556 60042 | 61859. | 63772 | 
114150715] $2121} $3501 6007I 61890 | 5 
15 $0738] 51145 33605 6orort| 619 21 638 

16 50761] 52109] $3531 60130 | 61952 63875 


60249 | 62077 64002 
1 5 5528 3] $8537] 60279 | « 
[22 | $0989} 52313] 53780]. 553080 550 58565} 60308 
23 50923] 5233753805] 55334 5528 $3593] 60338 | 
| 50946 52361 53830 5538, 56955 58622] 60368 | 62202 64134 
285 72385 53855| 5538 5888. 58650] 60398 | 62233 64709 
2 53880] 55412] 57009] 58679]. 60427 | 62265 | 64200 | 
ö $3995] 5543t] 57936] 58707] 6457 | 62296 | 6423 
| 28 | 51039] 52457] $393<} 55464] $7003] 5873 5] 60487" | 62327 64266 


| 11 ' $1662} 52481 5 501 £896 at 68. | | 
j[ 29 |535621,52480] 53995) 55496) 57090) $8704) $0317 [62319 | 64299 


5 „» ( FR | 
' . x Nr N. 0 4 iN „ 


"MERIDIONAL PARTS. 161 


— 


E 


51341 
51305 


31435 
5145 
51482 
5150 


51553 


5160 
51623 


51108 
51131 
51155 
51178 52001 
51201 52626 
51225 5265 
51248 
51271 
51295 52723 
51318 52747 


| 


$1529 


51570 


51647 


51670 


5169 
5171 


Min. 


——— 


64 


51741 
En 


52966 


64 65 
Min. | Min. 


51085 52505 


52529 


5267 
526 


$2771 


52795 


5280 


52893 


52917 


52942 


52990 
53015 
$3039 


Hons 


53950 


54005 
54030 
54056 
54081 


54106 


54131 


1507 
54156] 556g 
55727 57337 
557521_57304 


57392] 5: 


54181 
54207 


— 


54232 


54257 


54282 


54308 


| : 
* 
* - 


531130 5. 573 


5137 


53162 


53186 


53211 


Ain. 


— 


67 


— — — 


| 


35595 


55621 


55647 
5 


55778 
55805 
55831 
55857 
te 1 ns 

55910 
55937 
55363 
55990 


884 


57118 57793 
55542] 5714 


55516 
555 


57419 
57447 
37475 
2 


57530 
57557 
57185 
57613 


57068 
57696 


Min, 


58821 
8850 
58878 


56016 57649 9 


60547 
60577 
60607 
6063 7 


60667 


* 


- 
« © 
a - 
* 
_ _ 
= PR” — —ͤ— — * w —_ — — 
* OH 
- 
* - 


— — — CD RR 2 —— — — 


— ——  - — —— 


' # | 


1s | 76-1 77 78 | 79 8 | 8: 82 3 


— — — — . —2ÄE— — ; 


74 
in.] Min. | Min- Min. | Min. | Min. Min. Air. Min.| Min.\ Ain. 


$7457]$703[72101]/ 4072177440 80457 337 53]87391[2145696059 
67494 9742 1214:1147 17177494 [305 i033 81018745 519152796141 
5976']72184174761177 542 [Bo56:153865)87 5 roar ggglg6224 

7222517 450077590 [3061 5153920187 58: | 3167216306 
1226017 48577629 [Bob6133 983187648] 31744196389 
67039 9897/23 ⏑ 9 517 7087 [5307415404 187712] 31816 36472 
3767<15993<172 3491/49 97773 5077219499137 777] >1889Þ965 55 
67712]997517123911/4985177784 [50820]841 5818784 : [219621265;8 
67749170014]7243 3|/ 5025177832 [5037$184216]87g0t [5203 5196722 
67785170053]7247 51/5074 7 7501 | 092 2154274187971 22 1086806 


67822170092 12-51KK1/511s177930ÞÞ0g85094333 88032 181196890 
| 7255t751641;7978[381038Þ34391]8810: 2 54 9597 
726cc|7 52041;802p [81092]34450[8816c 223265 97070 
67932170209] 7264-[7 5254178076 8114584508232 32 402197142 
6796917024*172684 ec z [Brigh]34 565588257] 247497227 
5116800 570257] 72726]/ 534178174 [biz 5115492 [8830:|.125 50007512 
38042[7032;17276E|/ 539c — Ar 30634686 88424 2025 95397 
6897917936] 8754378272813 55 29745 3349 412699197483 
-811c17040: [7285217 54511783 2.2 [81413134804[8855. [277317 568 
58158 70445 7289417 5527178: 71 [81457 3436318862 3284819 654 
S8rgoſ70484[7293717 5572178420 [8152 115494 ds οs 20220740 
5822770524/72975/% 501858470 [31575154982 88753 oY 7845 
1 1056317392117 55631785 r9[8162518504-[8852; 
6 


23207710701 
830117060;1/3004]7 5724178569 [81683Þ*5 10213889: 1145 90805 
885767088 Bo TO A ES 
53 70170004173 148% 5501178068 [S17y2153544-[Bgozt]z2o0lo81; 
8413110724173 19117 53847178718 81844528. ½ 3375 88281 
58450] /076:173234\7 5893178768 190115534-]2916 [34 521,83 48 
* $8407 1060111327717 59351788: 8[B19 5513549414322; [53 524198436 
|= 294 13320]. 39831- 5868 Bro rcl854021302.0- [53604{98524 


Min. |. Mn. Min. | Min. | Min. | Min. |' Min, | fin. 


83; 10642 /Z0OC T3755 78619 31737835162 


_ 


Min, | Min. 


74 


"MERIDIONAL PARTS. 163 


— — — 


— | — - — - Y 

75 | „ „ 6 „ ee 82 [83 

—— 2 —— — — —_ 
. Min. Min. Min. | Min. Min. | Min | Min. | Min. | 


7988r 73362 76031 78918 B2065 55523 B9362[03 | 
70921 73405 76077 78968 82120 55 5384 Bggzol537 58 9870 
j0g61 73448 75123 79019 82175 85644 8949863835 98790 
11001 73491 76170 79069 8223085705 996639 12 98878 | 
[71041 7353476216 79119 85 35765 E963 413989, 98967 
[7108z 73577 7626; 79170, 82341 85327 89702194066| 99057 


1162 73564 763 56 79271/82451 85950 89839094221] 99236 
.|7 1202 73707 70402 7932282 50786011 BggoBla4zgg] 99327 
905 82 56386073 B9977194378| 99417 

1171203 73794 ge eee 5 90040194456| 995 


71323 7383776543 79473 


51404 73924 6637179577827 863 20 9025446910 99780 


36 

28301186569 90533195008 100148 
71603 74142 7687 37880 Fee eee ro0240 
71649 74186 7692079885183 12486595 90673 (95168 100333 
71670 74230 77575 75 % 7654878377 90744195248 100426 

Fe 85320 gonlg/gg3ly loogrg 
71771 74318 77063|80040 83 294 86583 50885 95409 100613 
[1181274352 77110|800g283 351 86945 909565489 190706 

/1853 74496771 2 443 408 870 41027195570 iοe,ẽl 
77893 74450 7720060196183 46 877; Hes 5051 100894 
1936 74495 77254 84883 523 87136 y116g|95732 10099 
71977-74539 77394|30300]83,580|57200'91240/95514 rolodq 


— 


N 720186 74583 773,39 803 53 8563787264 91312 95995 101 179 


; 72059.746 0 77399100405 9587327 y 12 34'95977 101274 | 


N 
»* t 


Min. | Min. | Min. | Min. | Min. 


Min. Min. Min. Min. 


| | [A 
„ein 


11 


A TABLE 


| 


J 8; 


| ata, 


10 
oe 
107877 
107993 
108109 
108225 
1083 42 
108459 
108577 
108696 


108814 
108933 
109052 
109172 
I0929I 
109412 
109533 
109653 
109777 
109899 
110022 
110145 
110269 
110393 
110517 
110542 
110768 
110893 
11 toꝛo 
111146 


— — — _ = 


_—_ — — — 
E — Do 
L Py . * — = — 
DC x — EST CTIA — . — > 
* * —— — p 


— 


U 


65 


—HEKRKIDIONAL FAKT S 


104366 Ih 


104471 
104575 
104685 
104785 


104891 


104997 
105104 
105211 
105318 


105426 
105533 
105641 
105749 
105858 
105967 
1060 
12885 
10629 
106408 


——— > mm 


196519 


Min. 


111274 


111401 


111529 
111658 
111787 
111917 
112047 
112177 
I12309 
I12440 
II2572 
I12705 
112838 
112971 
113105 


113240 


113376 


86 


— — — 


Min. 


119920 


120084 


120249 
120413 
120582 


120749 
120917 
121086 
1212 56 
121427 
121599 
121771 


12194 
12211 
122293 


1224069 
122646 
122824 
123002 
123182 


123363 


123544 |* 


123727 


mh, 
A 

— 
—— 
ws 

O 


92 


, 
1 


O O Gu [aw te = © 


J 5; | 
| aw 


10 

10770 
107877 
107993 
108109 
108225 
108342 
108459 
108577 
108696 


108814 
108933 
109052 
109172 
logzot 
109412 


109533 
109653 
109777 
109 


——  — 


110022 


110145 


110269 
110393 
110517 
110542 
110768 
110893 


111020 


111 | 
11 146 


—_— 


—_ 


1 111274 
111401 


111529 
111658 
111787 
111917 
112047 
112177 
I12309 
112440 
112572 
112705 
112838 
112971 
113105 


113240 


113376 
113511 


113648 
113284 
113922 
114060 
114198 
114337 
114427 
114617 
114758 


114899 
11 5041 


115183 


119920 


120084 


120249 
120415 
120582 


— — 


120749 
120917 
121086 
1212 56 
121427 
121599 
121771 


12194 
12211 
122293 


OY 
122646 
122824 
123002 
123182 
123363 


123544 


I23727 


A— 


166 


Navigation. 
SECT. IX. 


BY the help of the Table of Meridional Parts, made according 

to the Principles laid down and demonſtrated in the former 

Section, it will be eaſie to give Solutions to all the uſual Problems 

propoſed in Mercators Sailing; and thence to find the true bearing, 

2 difference of Latitude and Longitude of any places propo- 
or 


PROBLEM I. 


If it were required to find the Meridional difference of Latitude 
between any two places, 7. e. 


Caſe J. 


IF one place be under the Equator, and the other in North or 
South Latitude, . | 

Then the Meridional anfwering to the Latitude propoſed, 
will be the Meridional Di ce of Latitude. 


Example. 
F one place were under the Equator, and the other in the Lati- 


tude of 40*. 300. then the Meridional difference of Latitude will be 
Hound to be 2662. | 


| Caſe . 


| the places propoſed are on the ſame fide of the Equator that 
Ta 1 Norch or both in South Latitudes; then 
the Difference of the Meridional parts of each Latitude will be the 

Meridional Difference of Latitude. 2 p- ; 
10 — oc: £ . 


| 
| 
1 f 
| 
» 
ih 
} | 
44 
* 
| 
{1 
! 
1 p ' 
wh 
| ' 


* - 
— — _ _ = 
— — — ee et oat 
— 


— — => 
— 2 — — 
— — _ — 
- [<6 S — 


Navigation. | 167 | 
Example, 


Tf one place be in the Latitude of 507. 10", North, and the other 
in the Latitude of 130. oo North, the Meridional Difference of La- 
titude will be found to be 2703. For 

From the Meridional partsanſwering to the Lat. of 50˙. 10˙.- 3490. 

Take the Meridional parts anſwering to — 13. 00 —— 787 

Remains the Meridional Difference of Latitude 2708 


Caſe III. 


T* the un propoſed are on contrary fides of the Equator, that 
is, If one be in North, the other in South Latitude, then 

The ſum of the Meridional Parts anſwering to each Latitude, will 
be the Meridional Difference of Latitude. 


Example. 


If one place be in the Latitude of 28*. 20' North, the other in the 
Latitude of 35*. 50. South; and it were required to find the Meri - 


dional Difference of Latitude. 
To the Meridional Parts anſwering to 289. 25' ———--1773,9 
Add the Meridional Parts anſwering to 35. 50 ——— -— 2305,7 


The Sum will be the Meridional Difference of Latitude. — 4079, 6 
PROBLEMIL 


If the Latitude and Difference of Longitude of any two places be 
given to find the Courſe, Diſtance and Departure. 


Example. 
If a Ship at the Lizard in the Latitude of 50“. 10 North, be 
bound to Bar in the Latitude of 135. o North, the Differ- 


ence of Longitude being 52%. 58 and it be required to know the 
333 the Lizard to Barbadocs, as allo the Diſtance between 
em. | ; | 


Z 2 Geametrically. 
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A _ Geometriclly, 


1. Having found the Meridio- 
tt difference of Latitude 2793, 


by the laſt Problem, ſet it off 
from A to D. 


2. Make D E equal to 3178, 
B the Difference of Longitude, and 
D draw AE. 


3. Make A B equal to the Difference' of mw in Minutes 

2232, and draw B C parallel to D E, then is the Lat A the Courſe, 

AC the Diſtance, and B Cthe Departure; to find each of which, 
drithmeticelly, it will be 

1/t. AD :R::DE:t, L at A i. 7: 


As the Meridional Difference of Latitude 2703, —— 3-431 8460 


i 


To the Radius ——— — >——— 10.0000000 
So is the Difference of Longitude 3178, ———— 3.5021539 


— 


10,.0703979 


To the Tangent of the Courſe 49*, 37' —— 
Or S. W. 4 37 Weſterly. 


Wherefore 
The direct Courſe from Barbadoes to the Lizard, is N. E. 4* 375 


Caſterly. 
For the Diſtance it will be 
2d. cs, LA: AB:: R: A Ci. e. 
As the Coſine of the Courſe 49“, 37 k rene 


Tothe I of Latitads 22320 ſ Ä81—5v5.u„7 3.3483049 


To ts Dae 344 1442 Miles == w 2 


2 14 
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If the Departure be required it will be 
KB: it, LA:BD Cre. 


As the Radius — — —— lo. oooοοοο 
To the difference of Latitude 2230 — — 33483049 
So is the Tangent of the Courſe 49*, 371 —— 100.0703079 
To the Departure 2622 — — 3.4186128 


PROBLEM III. 


If one Latitude Courſe and Diſtance Sail'd, were given to find the 
other. Latitude, Departure and Difference of Longitude, 7. e. 


Example. * 


If a Ship from the Lizard in the Latitude of 50˙, 10“ North; 
Sails S. S. W. + Weſterly 550 Leagues, or 1650 Miles, and it be re- 
quired to find the Latitude ſhe is in, her Alteration of Longitude, 
and how far ſhe has departed from her firſt Meridian. 


Geometrically... 


1. By the Courſe and Diſtance given for 
the Triangle ABC, according to Caſe the firſt” 
of Plain Sailing; and find the Latitude the 

* Ship is in. 
2.- Find the Meridional Difference of Lati- 


tude AD by Problem the firſt of this Section, 
and draw D E parallel to B C, till it meet A 
produced in E, and the thing is done. C B 
Arithmetically. af | 4 D 
if. R: AC: cs, L A ABI . 
As the Radius ͤꝛvͤZ—⸗⁸n — lo. oooooo 
To the Diſtance Sail'd 1650 — 3-2174839 


So is the Caine of the Courſe 2Þ, 07 5 2 9.94548 
7 Ip 
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To the difference of Latitude 1455 ——— —=——= 7762912) 
Hence the Ship will be found to be in the Latitude of 25. 55 

and conſequently the Meridional Difference of Lat. will be 1879, 2. 

Wherefore to ſind the Difference of Longitude, it will be 

R:AD::t, DAC: DE ze. 


2.— 0 | 


To the Meridional difference of Latitude 1879, 2 — 3-2739720 
Zo is the Tangent of the Courſe 28, o7 4 ———— 9.7279567 
To the difference of Longitude 1004. Weſt — 3.0019297 
Now, If the Ship were bound to Barbadoes, and it were required 
to — upon what Courſe ſhe muſt Sail, and how far to go directly 
zThither., 
| Becauſe the Differences of Longitude are both the ſame way, take 
the Difference of Longitude made from the Difference of Longi- 
tude between the Lizard and Barbadoes z and with the remainder 
02.90 two Latitudes, find the Courſe and Diſtance by the former 
roblem. h | 
To find the Departure the Ship has made, it will be 


R:AC::$sLA:BCze. 


As the Radius (q ·yͤ—ö!..ĩ—Ä—˙kö; 10. 0000006 
To the Diſtance run 1550 — — ets SC——_—_ 3.2174839 . 
So is the Sine of the Courſe 28, 07 l. 9.6733856 


— — 


To the Departure 97, 8 L8ͤ . 23908705 
PROBLEM IV. 


If both Latitudes and Courſe were given to find the Diſtance, De- 
parture and Difference of Longitude. 


Example, 


* if a tip Hom its Lad is the Latitads of ger, 10, Nath, 
Sails 8. S. W. 4 Welterly, and then by Obſervation is found to wn 
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the Latitude of 24*. 30 North; and it be required to know how far 
ſhe is from her laſt Port, and how much ſhe lns altered her Longitude» 


Geometrically, 


1. Haying Conſtructed the Triangle A B C 
the help of the Courſe and Difference of Lati- 
tude, according to the ſecond Cafe of Plain Sailing. 

2. Make A D equal to the Meridional Differ- 
ence of Latitude obtained by the firſt Problem, 
and draw D E perpendicular to A D, till it meet 
AC produced, then is A C the Diſtance Sail'd, 
and 5 B the alteration of Longitude; to find 
which, 


A 


Arithmetically it will be 
R: A D:: t, LDAE:DE 
As the Radius — Ic. ooooooo 


To the Meridional Difference oſ Latitude 1973, I — 3-2951491 
So is the Tangent of the Courſe 28, 07 ————— 9.7279567 


To the Difference of Longitude 1055 or * 35 — 3.023 1058 
The Diſtance and Departure may be found as uſually. | 


PROBLEM V. 


If both Latitudes and Diſtance were given to find the Courſe and 
Difference of Longitude, 


Example. 


If a Ship from the Lizard, in the Latitude of 50*®. 10' North, 

Sail between the South and the Welt, until her Diſtance Sail'd be 
2000 Miles, and then is found to be in the Latitude of 24*. oo North, 
and it be required to know A what Courſe ſhe has Saild, and 
bow much ſhe has altered her Longitude. 


Geometrically 


Navigation. 
Geometrically. 


1. With the difference of Lati. 
tude and Diſtance, Conſtruct the 
Triangle A B C by the third Caſe 
of Plain Sailing. . 
2. Let A D be made equal to the 
E 5 Meridional difference of Lat. and 
raiſe the Perdendicular D E, till it 
meet A C continued in E, then is D E the Difference of Longitude, 


and BA C the Courſe, 
To find which Arithnetically. 


AC: R:: AB: cs, L A i. e. 


As the diſtance Sail'd 2000oäͤ ʒ—.ͤĩũÄ]7k/—ęo . 3.3010300 


— 


8 G 1 


To the Radius —— — — — F0,000G000 
So is the difference of Latitude 1570 . —- 3.1958996 


1 
* ti. 


— — — 


To the Cofine of the Courſe 38. 17 ͤͥ uu 9. __ 
Or, S. W. by S. 4*. 32' Weſterly. 
W herefore, for the Difference of Longitude it will be 
R. A D:: t, A: 22 E i. e. 
As the Radius . — .o 


To the Meridional Difference of Latitude 2006 — 3.3 023309 
So is the Tangent of the Courſe 38*. 17 ——. 7th 


To the Differnce of Longitude 1584, or 26* 24 — 3. 1995621 
PROBLEM. VI. 


Tf the Laritude of an — 4 .— were given, and its beari ebe any 


titude of 
Example. 


other, as alſo their Difference of Longitude to find the 
the other place, and their mutual FORT; + be 


Navigation. 173 


Example. 


If the difference of Longitude between the Lizard. (in the Lati- 
tude of 50*, 10. North) and Barbadoes 5 2* 58 Beck: _ 
Courſe from the Lrizard-to Berbadoes S. W. 4*, 37' 2 Weſterly ; 
are given to find the Latitude of .Barbadoes and its diſtance from 


zard. 


A. 


'Geometrically. 


1. Make D E equal to the 
Difference of Longitude, and 
DEA equal to the Comple- 
* of the Courſe, and it will 


I. R: ED: : t, (E: AD i. . 
As the Radius? 75. 
To the Difference of Longitude 5 · 382 3178 — 3. 21539 
So is the Co- Tangent of the Courſe 49, 7722 — — 2 


To the Merid ional Difference of Latitude, 2703 — 23 4318615 
Now becauſe Barbadves is to the Southward of the Lizard. 


From the Meridional Parts anſwering to n 
Take the Meridional Difference of kene 3 — 2 
Remains the Meridional Parts of the Lat. of Barbadoes, — 787 
Which anſwer to 13, 00. | 272 


Again. 5 | 
From the Latitude of the Ligard ——=———=—==—— $0.10 
Take the Latitude of Barbadoes ———=————— 1.00 


Remains the Difference of Latitude — 370 
| A 2 2. Set 


- 
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2. Set off the Difference of Latitude from A to B, and draw 
B C parallel to D E, then will A C be the Diſtance; and it will be 


— 3, 4X AC B: AB:: R: AC e. 
ur the Coſine of the Courſe 49.374 — — — 9.815069 


— — 


To the Difference of Latitude 2230 - —c 3483049 
So i is the Radius — — 1 


To the Diſtance 3442 ͥ —[ſñ—‚—EPm ' — — — 18. 5367980 
PROBLEM VIL 


If one Latitude Courſe and Departure were given to find the 
3 and Difference of Longitude, i. e. 


Example. 


* 2, - 1 from the 1 in the Latitude of 507, 107 North, 
by 8. 2 3 Weſterly, until her Departure be 1010 Miles, 

— it de required t to know how much ſhe has altred her Langids 
and how far ſhe has SaiPd. 


_.. i | | * 


 Geometrically 
1. Make BC 1010 Miles, and the Angle at 


C, equal to the Complement of the Cowſle; 
a We 


If, „ BAC: BC: R: A Ci. e. 


=_ I) 


As, the Sine of the Courſe 29*, 22 9.8022816 


To the Departure 1010 Miles, ——— 3. 0043214 
801 is the Radius, — — No LAH 


To the —_ $592 = — —— — 
Again, 
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Again, 
t, BAC: BC. R. ABI. 
As the Tangent of the Courſe 39, 22 ———— 9.914041 


To the De arture 1010 BOL, ore — 1890 
So is the 11S ——— hae 


Hence the Ship will be found to be in the Latitude of 29“, 39 
29 


North, and uently the Meridional Difference of Latitude 
1626 Miles. 


| | nt 
2. Make A D equal to the Merid ional Difference of Latitude, 
ant draw DE parallel to B C. | | 


And it will be R: A D:: t, LA: DE i. e. 


As the Radius. — FOLCOOOOOS 


—  —_— 


To the Meridional Difference of Latitude 1626 —— 3.2111205 
So is the Tangent of the Courſe, 39%, 22 ———— 9.9140444 


To the Difference of Longitude 1334, or, 22*, 14 — 1251649 | 
PROBLEM VM 


If both Latitudes and Departure were given to find the Courſe 
and Difference of Longitude, i- e. | 

if a Ship from the L:zard, in the Latitude of 50*, ro' North, 
Sails between the South and the Welt, until ſhe be in the Latitude 
of 30®, o North, and her Departure be 978 Miles, and it be re- 
quired to know her Diſtance SaiPd and Dilkerence of Longitade. 


Geometrically. 
* Set off the common Difference of Latitude 
from A to B, and the Meridional Difference of 


1 e 4 NS: : Þ 8 ; 

2. Riiſe the Perpendicular B C equal to 978 / | | 
Miles, and continue I C till it meet PE in E —D 

: "7, WI9 Alrxrithmetically. 


— — — — 0, 000000 
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And it will be 
AB: BC: AD: DE 1 4. | 
As the Common Difference of Latitude 1210 =— 3,0827854 


To the Departure 97 — ͤ — — 29903388 
So is the inlarged Difference of Latitude 1602 —— 3.2046625 


To the Difference of Longitude 1295 — —— 31122159 


The Difference of Longitude being obtain?d, the Diſtance Saibd 
and Courſe, may beeafilyh had by the Methods already laid down, 


PROBLEMIX. 2 


If one Latitude Diſtance and Departure were given to find the 
Ceurſe and- Difference of ä i. e. 


12 Ship ** the Latitude of: 50˙ 10' „North, gaben the 
South and the Weſt 1254 Miles, and then finds her Departure to be 
875 Miles; and it be required to know upon what Courſe ſhe has 
Said, and how much ſhe has altred her Longitude. 


2 Po A. * 2 Geomerrically.. 
4 | 1. With the Diftanceand Donne gives, 
"CAB * the T 


riangle A B C, b the ch Caſe 
Vo band (* of Plain Sailing. Then f 


For the Courſe, 
As the Diſtance Sail'd, 1254 —— — — 2058297 
To the rture 8 — — — 2.94 20086 
80 is the Radius — — — — — I0,.0000000 
To the ae Courſe Pay — — 998437171 
10˙ 29 © Weſterly. 


Wherefore, 


ence of Latitu 
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Wherefore, For the Difference of Latitude.. 


As the Radius ——————— 10.0 
So is the Cale bf the Cote ge 14 —— 8552192 


— — 


To the Difference of Latitude 898,5 ———— 29535169 
Hence the Ship will be found to be in the Latitude of 35, 125 
North, and conſequently the Mexidional Difference of Latitude 


is 1231. 

2. Set of the Meridional Difference of Latitude from A to D, andy 

draw D E parallel to B C, and it will be 
R: t, IA: 2A PDE i. e. 


To the Tangent of the Courſe 44, 152 — 9. 9.9886289 
So is the Inlarged Difference of Latitude 1231 ——— 3.092580 


— 


To the Difference- of Longitude, I 199” =———— — 3.078869 


For the Satisfaction of the Curious, as well as for rendering this. 
Section as 9 as may be; we ſhall ſhew how the Differ- 

e may be found in any of the former Problems, by 
the Principles lald — in the former Section, without the Tables 


of Meridional Parts, 


PROBLEM L. 


| Where i it was required to find che Meridional Difference of La N 
tude between any two Places. 


Cale L 


as thi be ode the 


FF dingte, eee 
tirade If 48. > 30 North or 


From 
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From the Log. Tang, of 45*, 0 =———— = 10.0e00000 
Take the Log. Tang. of 24; 45 ——— 9.667069 


* 3362931 
From the Log. Co- Tang of 24, 45 ———— 190.3362931 
Take the Log. Tang. of 45, RITA 1 
And divide the remainder by 1 26, 3. | 3362921 


And the Quotient 2662, will be the Meridional Diff of Latirade” 
Caſe II. 


F the places propoſed are on the ſame fide of the Equator, that i 
lone de is the Laticade of 50, 10 North, the other in — 
Latitude of 13 eo North, Then N 


From the Log. Tang. of 387, 30' .' . 9.9006052 


* 


Take the Log. Tang. of 19, 55 ———— ———= 9.120271 
PEE og A, 3415081 
From the Log. Co- Tang. of 19, 55 . 10.4409029 
Take the Log. Co-Tang of 38, 30 — Corn nn nn 10.0993948 
And divide the remainder by 1 26, 3. 2248081 


And the Quotient 2704 is the Meridional Difference of Latitude, 


agr very well with what was deduced from the Table of Meri 
dional Parts, N 


Caſe III. 
G AI N, If the places are on contrary ſides of the Equator, 


that is, If one be in the Latitude of 287, 20 North, and the 
other in the Latitude of 35*, South, Then ; 2:97 110” 


. - T3 Ct 


To the Log. Tang. of 62, 55 — ——— 110.2912742 
Add the Log. Tang. of 59, 10 ——— —— — ———10.2249923 
From the Sumi .——.—20.5152565 


Take twice the Radius. 20.0000000 
And divide the remainder by 1263.· 35153665 
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: Or, 
To the Log. Tang. of 27, 05 ——— on ren 9.7087258 
Add the Log. Tang. of 30, 30—— nes — 9.779077 
Taken from twice the Radius ꝙ “ 20.00C0200 
Leaves as before, ———— ———_—_ - . — 5153665 


| Which divided by 1263 gives 4080, 5 the Metidional Diff. of 
Again, in | 
PROBLEM IL 
Where the Latitude the Ship was in, was 50˙, 10 the Latitude ſhe 


was Bound to 13*, 10, and the Difference of Longitude 52®, 58 
equal t0.3178 Miles, to find the Courſe and Diſtance. 


From the Log. Tang. of 387, 30' —— ——————— 9.900605 2 
2 3415081. 

or, we 
From the Log. Co-Tang. of 19*, 55 — — — 10. 4409029 
Take the Log. Co- Tang of 38, 30... — 10.2992948 
| | 3415081 


And it will be having rejected the two laſt Figures. 


As the remainder 3415, 1 — 3:5334937 
To the Tangent of the Logarithmick Rumb 51, 38' = 10.105136- 
So is Rh of Longitude 3178 .. 3.5021539- 
-To theT t of the Courſe 49, 37 19.070638 


Or S. W. 4 37 Weſterly as before : Hence it will be eaſie to find. 
the Diſtance. PR 


©. 
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| Again, in 
PROBLEM II. 


Where the Latitude departed from was 500, 100 North, the 
Courſe S. S. W. + Weſterly, and the Diſtance 1550 Miles, to find 
tho other Latitude and Difference of 0 eee 


After having found b the former Methods the Latitude the Ship 
is in, vis. 25, 55 


From the Log. Tang. of 32, 02 5+ ———_—— —— en 
Take the Log. Tang. of 19, 55 ——=—_— 9. 5592971 


Te by 7 2373946 
From the Log. Co-Tane, of 19; 55 — 10440909 
Take the Log. Co-Tang. of 32, 02 * —— —10 es 


22372947 


And it till be for the Difference of Longitude, 
As the Tangent of the Logarithmick Rumb 51, 28 — 101015736 


— 


To the Tangent of the Courſe 28, 7 —9 7278048 
So is che remainder 2373, 9 — 3.375452 


To the Difference of Longitude 1004 Weſt. . 3.00 17536 


Again, in 
— PROBLEM. w. 


[ Where the Latitude Sail'd _ was 50“, 10' Nort the Latitude 
 Saild to, 24*; 30' North, and the direct Courle'S. 8. Neher 
BM 17; to find the Alteration of Longitude. R 


From 


— — — _ - — 
— ——— ——ů— — — — — 


VS * 8 


7 LES * 
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22 — yy — 


| 2492635 

From the Log. Tang. of 50. 5 ——— 10.4409029 
Take the Log. Tang. of 57, 15' ————— 10.1916294 
5 2492635 


And it will be for the Difference of Longitude, 


As the Tangent of the Logarithmick Rumb 51,38 — 10.1015136 


To the remainder 2492, 63 ——- —_—_— 
So is the Tangent of the Courſe 28*, 07 ———— 9.7278048 


To the Difference of Longitude 1054 5 — 3.2229490 
Or 17*. 34 © agreeing well with the former Solution. 


Likewiſe in PROBLEM V. 


Where the Latitude Departed from was 50?. 10'. North, the 
Diſtance run 2000 Miles between the South and Weſt, and the La- 
titude Sail'd into 24*. 00, North, to find the Alteration of Lon- 


tude. | 
N By the help of the Diſtance and common Difference of Latitude, 
find the Courſe after the manner taught in the Section of Plain 
Sailing. 


Then 
From the Log. Tang. of 335. 20'. — pins 9.8125174. 
Take the Log. Tang. of 19%. 55 ——>—————— 9. 5590971 
2534203 
Or, F 


From the Log. Tang. of 30. 05' ———— 110.4409029 
Take the Log. Tang, of 57*. oo 10.1874826 


2534203 


B b „„ 
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And it will be | 
As the Tangent of the Logarithmick Rmb — 101015136 


To the Tangent of the Courſe 38* 17'. ——— 9.8972312 


So is the remainder 2534, 2 — — 3.40349 


To the Difference of Longitude 1584, fere. . 3.1995585 


Or 26*. 24. fere, as was found by the Meridional Parts. 
Again, in 
PROBLEM. VL 
Where the Difference of Longitude was given 529. 58˙ or 3178 


Miles, the Latitude departed from 50%. 100. North, and the Courſe 
Steer'd 8. W. 4“. 37. Weſterly, or South 49” 37. Weſterly, to 


find the Latitude the Ship was in, and her Diſtance Sail'd. 
It will be, 
As the Tangent of the Courſe 499. 37... 10.0702924 
Jo the Difference of Longitude 3178 —— ——- = 2.502159 


So is the Tangent of the Logarithmick Rumb —— 10.1015136 


Toa Number 3414, 878 —————— — 3.532371 


Which Number — 0,414 
Added to the Log. Tangent of 199. 55'. ——— — 9.5590971 


Gives a Tangent — — —— ——— 9. 9005849 


5 Correſponding to 38. 300. in the Tables. 
Or from the Log. Tang. of 70. 5. . 10.440902 
Take the Number before founxd. | 0.3414878 


Remains the Co-Tang. of the ſame Number 38%. 3 2 > —_ 151 


BY 
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| 411 and 3 ＋ 1 oo“. leaves the Lati- 
tude the Ship is M 13 . O0. as before found; which being Obtain'd, 
the Diſtance is eaſily had. = - fg a r=, 
| F Again, in 


PROBLEM VII. 


Where the Latitude Sail'd from was 50˙. 10 North, the Courſe 
S. W. by S. * Weſterly, and Departure 1010 Miles, to find the 
Diſtance and Difference of Longitude. | 
Having by the help of the Courſe and Departure, found the Lati- 
tude the Ship 1s 1n. 
From the Log. of the Tangent of half the Comple- 2 
ment of the Latitude the Ship Sailꝰd Into 299. 39'. 8 97644973 
Take the Log. of the Tangent of half the Comple- 
ment of the Latitude ſhe Sail'd from 50˙. 100 * 9.559971 


02054002 

us 0 : 
From the Log. Tang, of 707. o5'. —— —— —— 10.4409029 
Take the Log. Tang. 0995 49" 4 mented 10.2355026 
| 2054003 

And ſay, 

1 AS the Tangent of 51%. 38 4 ————__— « 10,.1015136 
To the Tangent of 397. 22..ͤĩ-„ͥ'⁊2.— 9.9140444 
So is the remainder 2054 —— ———— 3.31 26004, 
© - To the Difference of Longitude 1334 —— ——— 3.151312 


er, 22*.- 14 as was before determined. 
Whence the Diſtance Sail'd, is eafily had in 


PROBLEM VIIL 
- .- Where the Latitude Saild from was 50*. 10“. North, the Depar- 


ture 998 Miles Weſt, the Latitude Sail'd into 309. oc. North, to 
find the Difference of Longitude, - 
Bros RO Bbz2 Iſt. Find 


_ 1}. Find the Courſe according to the Methods formerly delivered. 


| Then | 

From the Log. Tang. of 300. 00'. ——————— 97614394 
Take the Log, Tang. of 19*. 55'. — —— 9.559091 
3 as "0 2023423 

From the Log. Tang. of 70*. o... 10.440902 
Take the Tang. of 60“. o' ͤ᷑ commu mmm—__ 102385605 
5 2023423 
And ſay 5 
To the Tangent of the Courſe, ———————— 9.9075534 
So is the remainder 2023, 42 w——————— 3.3060861 
To the Difference of Longitude 1295 3-1121259 


Or, 21*. $5". as before. 


Laflly, in PROBLEM R. 


Where the Latitude Sail'd from was 50*. 10', North, the Diſtance 
Sail'd 1254 Miles between the South and the Weſt, and Departure 

875 Miles; to find the Difference of Longitude. | 

I ft Find the Courſe and Latitude the Ship Sail'd into, by the 


Rules given in Plain Sailing. 
Then | 
From the Log. Tang. of 27. 24' ———— 9.7146237 
Take the Log. Tang. of 199. 55' — — — 2.570971 
| | | 1555266 


From the Log. Tang. of 70*. o.. 104409029 
Take the Log. Tang. of 625. 36... - 10. 2853763 
| 1555266 
22 


— Po» 


"a Navigation. 185 
And it will be. 


As the Tangent of 519, 38' 4 ————————— 100.1015136 


———_ — 


To the Tangent of 44*, I4' 5 =——_——_——— 9.985025 
So is the remainder 1555, 27 ——————- 31918056 
To the Difference of Longitude 1299 _— — 3.008794 
Or, 197. 59 fere, exactly the ſame with the former DeduCtion. 


I ſhall now according to my Promiſe, give a Solution to the 


Traverſe propoſed at the end of the 7th Section, to the end the Reader 
ſee what an Agreement there is between the Middle Latitude 


ma 
ud Meridional Parts; and thence be enabled the better to judge 
how far he may depend upon the Middle Latitude. 


The Example is as follows. 


- 


Admit a Ship from the Latitude of 25*. 300. North, Sails 1/2. 
N. N. W. 29 Miles, then N. W. by W. 32 Miles, then W. by N. 27 
Miles, then W. N. W. 38 Miles; and it be required to find how 


much ſhe has altred her Longitude. 


Solution. 


2*2—„k . 


Courſes. Diſtances. [DI of Lat] Di. of Lon.| Dil: of Lon. by 
— ww — [by Mid. Lat Merid. Parts. 


26. 80 t 
17. 78 29. 62 29. 66 
= 29 72 29, 81 
14. 54 39. 21 39. II 


þ 
4 


— — 


- 64s 39 | 110. 68 110. 88 


that | notwithſtanding the Alteration of 
yet the DeduQtion - by Middle 
Latitude, 


Whence *tis manifeſt, th 
Longitude is 110. 88 Miles, 
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Latitude, differs but 3 of a Mile from the True Difference of Lon- 
gitude; which is ſuch an à Agreement, as is ſufficient to excite 
every one that has but any value for Truth, to Work oY the 
Middle Latitude, if he will not be at the Pains to uſe the Meridi- 
onal Parts. He 

L have not ſet. down the Inveſtigations of the Difference of Lati- 
tude and Longitude in the preceeding Traverſe for Brevities ſake , 
ſince they would be Superfluous to the Intelligent, and of no uſe to 
the Ignorant and Slothful Reader. = „ Fo 


8 ET. 


H AVING ſufficiently ſhewn the defects of the Plain Chart, 
and in the former part of the eighth Section exhibited the 
Eſſential Properties pf a Projection, in which all places whatſoever 
(except ſuch yas lye under the very Pole) may be laid down accord - 
ing to their Latitude, Longitude and Courſe : We ſhall now pro- 
-ceed to ſhew how the Chart, (commonly call'd Mercators) may be 
Conſtructed; either for the whole, or any particular part of the 
Terraqueous Globe. | 
Let it be required to deſcribe a particular Chart for a Voyage, 
between the Parallels of 35 and 50 Degrees ef Latitude, which 
may ſerve very well to prick down Runnings between the Lands 
End and the Srreightrs Mouth. © (i 251567 
Having provided a Line of equal Parts of a convenient Length* 
Draw the North and South Line AB, and croſs it at right Angles 
in the point A, with another right Line A D, which ſliall repreſent 
the Parallel of 35 Degrees. Then . 
From the Meridional Parts anſwering to 50 Degrees. — 3475 
Take the Meridional Parts anſwering to 35 Degrees. 2244 
4 | — 121 
Set off the Exceſs from A to B, and draw B C Parallel to A D, 
which will be the Parallel of 50 Degrees in this Chart. | 
For the intermediate Parallels between 35 and 5a, take the 
difference between the Meridional Parts of any of the given Paral. 
lels of Latitude, and the Parallel of Latitude to be drawn ; 
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ſet it off as the Caſe directs in the Meridian; that is from A up- 
wards towards B : If rhe Meridional Parts of 35 had been taken 
from the Meridional Parts of the Parallel to be drawn, or down- 
wards from B to A. If the Meridional Parts of the Parallel of La- 
titude to be drawn, had been taken from the Meridional Parts an- 
ſwering to 50 Degrees; and through the Point laſt found, draw a. 
Line parallel to A D, or B C, and it will be the parallel required. 


Suppoſe it were required to draw the Parallel of 40 Degrees. 
From the Meridional Parts againſt 40 Degrees. — 2623: 


Take the Meridional Parts againſt 35 Degrees. — ——— 2244 


| 379. 
Set off the Exceſs 379 from A to 40, draw the Line 40. 40 
parallel to A D, and it (hall be the Parallel ſought. 


| Or 
From the Meridional Parts againſt 50 Degrees... 3475: 
Take the Meridional Parts againſt 40 Degrees... 2422. 


= : 852. 

And ſet off the Difference 852 from B downwards, towards A to 
40*. and draw the Line 40, 40 which ſhall be the Parallel required. 

After the ſame manner may any other Parallel be drawn, or the 
Meridional Line be divided. 

The Meridian Line being thus divided, and the Parallels drawn 
ſet off the equal Degrees of Longitude from A towards D, and 
draw the Meridian Line D C, parallel to A B. If through the ſeve- 
ral Degrees of Longitude, Lines parallel to A B be drawn, they 
will repreſent ſo many ſeveral Meridians. 

After this manner, may a Chart be made to ſerve for any Voyage 
whatſoever, provided the Latitudes of the places departed from, and 
to be Sail'd too, be known. = 
But Note, If it be neceſſary that the Chart ſhould commence - 
from the Equinoctial, or that the Equinoctial run through any part 
of it, there is nothing elſe to be done, but to ſet off the Meridional 
Parte themfelves, as they are fet down in the Table on the Meridian 
Line extended, and it will be divided accordingly. 

In like manner may a Chart be made as large or as ſmall as you 
pleaſe, either for the whole World, or any particular part thereof. 

But before it can be fit for uſe, it will be very neceſſary to deſcribe 

the Rub · Lines in ſome part thereof. I have choſe for convenien 


cy 
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cy ſake, to place them in each corner as you may Tee in the Chart. 
And for the moreready pricking down of places, I have diſtinguiſh'd 
the 1oth and 5th Lines from the reſt, which I would adviſe the 
Preditioner to do, and he will ſoon be Senſible of the advantage. 

Upon the Chart thus made, may any particular Country be De- 
ſcribed, or the Sea-Coaſts thereof; and by the help of it, the Inge. 
nious Mariner may at all times find rhe place he is in, and readily 
know upon what Courſe, and how far he muſt Sail to gain his deſi- 
red Haven. 2 | SA) 22 

And ſince this Treatiſe is Written purpoſely for his uſe and Bene- 
fit, I ſhall not only ſhew him how to diſcover where he is, and find 
how he muſt alter his Courſe if need be, bur readily to trace out up- 
on it any Sea>Coaſt whatſoever. And 

7. If it were required to lay down a place, and find a _ in 
the Chart by its Latitude and Longitude, or rather by its Latitude 
and Difference of Longitude, from any place given. 

Having fix'd upon a firſt Meridian, which I would always cauſe 
to paſs through the place from whence I begun my Voyage, ſince 
the places pricked down may ealily enough be transfered into a 
General Chart. dom? IL ID 

1. Count the Longitude in the graduated. Parallel from the firſt 
Meridian in the Chart, or the Difference from the Meridian paſting 
through the. given place, and through the Point found, draw a new 
Meridian. | | | 

2. Draw a Parallel of Latitude through the given Degree of 
Latitude found out in the Graduated Meridian; where this 
interſects the Meridian before drawn, gives the place or prick to 


* 


be found. 


Example. 


Admit the place to be prick'd down, was in the Latitude of 47”. 
300, and lay 29. 39'. in Longirude to the Eaſtward of the firſt Me- 
ridian in the Chart. Fob 705 io enen of ee e 

Having found out the Points of 47%. 30“ in the Graduated 44er1- 
dians, draw the Line à b, and through the Point of 2*."20"in the 
G-aduated Parallels A D and BC, draw the Eine c d, the Point 
of Interſection S of this Meridian; and the Parallel laſt drawn, 
will be the prick or place required. | © 1163 11 tet 10; 


- 


Aer fie manne may the Induſtions Marino by the help 


N *% 
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of his Latitude and Longitude, find the place he is in at all times, 
and prick down any place whereſoever he arrives; provided his 
Latitude and Difference of Longitude from ſome known place be 
had, and conſequently be able to diſcribe the Sea*Coaſts of any 
Country or Kingdom whatſoever. 2 

By the inverſe Method of this, may the Latitude of any place 
in a Mercators Projection, and its Difference of Longitude from 
any place be found; vig. by drawing a Parallel through it, or lay ing 
1 Ruler over it parallel toany Eaſt or Weſt Line, and obſerving where 
it cuts the Graduated Meridian for the Latitude : And likewiſe by 
drawing a Meridian through it, or laying a Ruler directly North or 
South, to diſcover what Degree of the Graduated Parallel is cut by 
it, in order to know its Longitude. | 

Hence we are taught how to find the Difference of Latitude of 
any two places upon the Chart, viz, by finding the Latitude of each, 
according to the former Directions, and taking the Leſter from the 
Greater, to diſcover the Exceſs or Difference. | 

Hence we are taught how to find the Difference of Longitude 
between any two places on the Chart, v7s. by finding firſt the Lon- 
gitudes of each ſeparately, and then Subſtracting the Leſſer from 
the Greater. Tel | | 

Hence we are taught how to find the Diſtance of any two, or 
more places, in the Chart that lye under the ſame Meridian, vis. 
by Ending the Difference of Latitude between them, and reducing 
of it into Minutes, in order to diſcover the Miles of diſtance. 

Hence we are taught how to find the Miles of Diſtance between 
any two or more places, that lye under the ſame Parallel, viz. by 
finding the Difference of Longitude between them, and reducing it 
into Minutes. And then | 


With 90 ees of a Line of Sines, upon the Segment of the 
Parallel G the two places together as a Baſe; deſcribe an 
2 Triangle; and from the Vertex towards the Baſe, ſet 
oft on each fide the Sine of the Complement of the Latitude of 

the Parallel, and the Diftance of theſe two Pricks applyed to 
the Graduated Parallel, will ſhew the Degrees and Minutes of 
Diſtance ; which muſt be reduced into Miles by multiplying by 
60, All which is abundantly manifeſt from what has been E10 in the 

* 
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6 47 Example will mate it eafie 


Admit it was required to find the Miles of Diſtance between 
the places Q and R, lying both under the Parallel of 39“. 300 
On QR as a Baſe, deſcribe the Equicrural Triangle QR T, and 
make T Q or T R the Radius of a Line of Sines. t off the Sine 
of the Complement of the Latitude 507. 300, from T to X and W, 
then the Diſtance X W applyed to the Graduated Parallel, will ſhew 
the Degrees and Minutes of Diſtance. EL FM 


More ſhort.” thus. - 


Make the Diſtance Q R equal to the Radius of a Line of Sines 
upon the Sector, and the Coſine of the Latitude upon the ſame 
Sector, will be the Diſtance ; which muſt be applyed to the 
Graduated Parallel, in order to diſcover the Miles of Diſtance. 


Tho' the Method generally taught in Books for finding the 
Diſtance of two places in the Mercators Projection, lying under the 
fame Parallel, be not ſtrictly true, yet it is ſufficiently exact in 
many Caſes, and is as follows. - | 

Take half the Diſtance between the Points of the Compaſſes, and 
ſetting one Foot in the Graduated Meridian, where the Parallel 
cuts it, turn the other Foot about, and obſerve what Degrees it 
cuts both above and below; Subſira&t the Lefſer Number from 
the Greater; and convert the eſidue into Minutes, and you have 
the Miles of Diſtance. 


Otherwiſe thus. 


Take the diſtance from half a Degree in the Meridian, above 
the Parallel to half a Degree below; and ſee how many of thoſe 
parts is contained between the two places, convert the Sum 

into Minutes, by multiplying by 60, and you have the Miles 
of Diſtance. — caagks 

From what has been ſaid, it will not be difficult, If the 
Difference of Latitude and ituds of any two places be known, 
from the place of the one, to find the place of the other. | 


Hence, 


| - Navigation. 191 

Hence, If two places lye under the ſame Meridian; and the La- 
tirude of one and its Di from the other be given, it will be 
eaſie from the place of the one, to find the place of the other. 

Hence, It two places lye under the ſame Parallel, and the Lon- 
gitude of rhe one be known, and irs Diſtance from the other, it will 
be eaſie from the place of the one, to find the place of the other. 

Theſe three laſt Coro//arys are of great uſe to Sailors, to prick 
down any New Land, Dangerous Shoal or Rock. | 

2. If it were required to lay down a place by its Latitude, and 
Bearing from fone other; or which is the {ame thing, having the 
Difference of Lattude and Courſe given, to make a prick upon the 
Chart, and diſcover the Place of the Ship. 

Example. 


Admit from & a place in the Latitude of 47*®. 300. North, 1 
Sail away SE byS 5*. 29 Eaſterly, uneil I am in the Latitode 
of 39%. 30. North, and would prick the place of the Ship. 

Through the points m and 7 at 390. 30. the Latitude Sail'd into, 
draw the Parallel * , and from & the place the Ship departed 
from, draw 8 Q'parallel toqrtheSE Jp + Eaſt Line; where this 
interſects the Parallel * x as at Q. the place of the Ship. 

After the ſame manner may any other Point be found from the 
_ Fox ih and conſequently the ſeveral Runnings of the Ship be 
iſcr 

By the Inverſe Method of this, vig. by ſeeing to which of the 
Rumb Lines the Line connecting any two places together, is Parall- 
el may the bearing of two places be found, which is of great uſe 
to the Sailors for direfting their Courſe. 

Hence, without any more to do, may the Induſtrious Sailor know 
n alter his Courſe continually, in order to gain his defired 


3. To lay down a place by its Longitude, and bearing from ſome 
other; or which is the ſame; having the Courſe and Difference of 
Longitude, to make a prick upon the art, and diſcover the 
Place of the Ship. | 

; with Example. 


Admit from u I Sail nN Way N 5*. 25". Weſtetly, 

till I have altered my Longitude 97. oo and would make a prick 

upon the Hart, and diſcover the 2 of the Ship. 
e 2 


Having 


192. Navigation. 

Having counted 9*. oo in the Graduated: Parallel; from » the 
Interſection of the Meridian, paſſing through the place Sail'd from, 
Weſtwards towards A. Or which is the ſame thing; ſet off g*. oc”. 
of the Graduated Parallel from Q to R, in the Parallel m n, draw 
the Meridian dc, and through Q draw. a Parallel: ro the Rumb- 
Line q r, til it cut the Mer:dian.d-c in 8 the Point fought 

By the Inverſe method of this, may the Bearing and Difference 
of Longitude between any two places. be eaſily found, vez. for the 
Difference of Longitude, by counting the portion of the Graduated 
Parallel, cut of by the Mer:d:ans paſſing through the places, and for 
the Bearing, by examining to which. of the Rumb-Lines the 
Line connecting the Centers of the two places is Parallel to. 


44. To lay down a place by its Latitude, and Diſtance from ſome 
known place: Or which is the ſame thing, by the Diſtance run, and 
Diflerence of Latitude; to make a prick in the Chart, and diſcover 

the place of the. Ship. | 


Example. 


Admit. from & a place in the Latitude of 4). 30'. I Sail between: 
the South and the Eaſt 6 19 Miles, till I am got into the Latitude 
2 385 30 North, and would find the place of the Ship in 

e Chart. | 
Having drawn the Meridian e d paſſing through the given place, 
take off the Degrees: of Difference of Latitude from the Graduated 
Parallel A D, and. ſet them. from & downwards in the Aer idian to 
K, n — — — KL * — —— diſtance be- 
tween the Points of. the C S8, letting” one Foot in S, with 
the other turn d about croſs: the Parallel laſt: drawn im L. - Laftly, 
through the Point laſt found L, and the Point firſt given S, draw 
the Line & L, and continue it till it meet che Parallel 1 1, into 
which the Ship Sail'd in 2, which. will be the place of the 


Hence we are taught how to find: the Diſtance between any two 
places on the Chart, which are not Scituated under the ſame Mer: 
dian ox Parallel, viz. by taking the Degrees of Difference of "Lati- 
de of from the Graduated Parallel and transferting thew * the 

1 12 eld 3003 170 | 871414. 
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ö gation. ; 19 3 
Mexidian from $ downwards to K, and drawing the Parallel K L. 
till it meet the Line SQ pag op. the two places together ; for 
then the Diſtance S L between the place firſt given, and the Point 
laſt found, applyed to the Graduated Parallel, ſhews the Degrees 
and Minutes of Diſtance which are to be reduced into Miles, as we: 
have formerly ſhewn. . Fr enen 


5. To lay down a place by its Bearing and Diſtance from ano 
ther; or which is the ſame thing, from the Courſe and Diſtance: 
given, to make a prick, and find the place of the Ship. - 


© Example. 147 


. Admit a- Ship in the Latitude of 47” 30. North, Sail S E by 
8 5* 885 Eaſt 619 Miles, and it be required to find the place of. 
the. Ship. | il 


Having drawn a Meridian Line throng bo the place of the Ship- 


departed from, draw the Rumb-Line S Q parallel to the Rumb- 


Line q r, and ſet off upon it the Diſtance in Miles from S to Q. 


and draw the perpendieular L K ; then apply the common. Differ- 
ence of Latitude 8 K, to the Graduated | 

Number of Degrees. Count the ſame number of Degrees in the 
Graduated Meridian from à to , and draw the Parallel mn, and 


produce the Rumb Line S L, ql it interſect the Parallel mn in Q, 


which will be the place of the Ship ſougnßt. 
By the Inverſe Method of this, may the n of 
any two or more in the Chart be found, at Gs Sy 
to am who underſtands but the laſt Paragraph, that. it would, be 
needllcſs to give an Ruample. .. 3404 
warh . Dos . ASIC 27 IH. 1 

6. If it be required to lay down a place in the Chart by the Courſe 
and Departure, and readily find the place of the Shigg 


a1 jo 


ee OT 


— 


: C 03 Ren 
. FSC LAVAL. 88 apt: wy Ei d 0 bl j 3 | | ur, HSE. 
Admit a Ship in the Latitude of 4 30'. North, Sails S E by 8 


— 


$2. 29, Eaſterly, untiK her Departure be 391 Miles, and it. be xequi> 
red toi make a ptick-and find the place of the Ship. * © * "SAP | 


S EY Through 


arallel, and obſetve the 


+ w 


—— — Dorn 


* r havi & Merilia 
Through 8 the p parted trom, having drawn: a Meridian 
c d, and Rumb-Line & A by che help of the Courſe, as we have 
formerly ſhown. ae n 
Set off the Degrees and Minutes of Departure (from the Inter. 
ſeRion of the Meridian laſt drawn, with the Graduated Parallels 
'Eaſtwards; that is, from c to 9 in the upper, and from d ro 9 in 
the lower, and draw a new Meridian 9.9 through the point) where 
this cuts the Rumb-Line S Q as in L, draw the Parallel L K, till 
it meet the Meridian in K. 
| Laſtly, Apply the Diſtance 8 K to the Graduated Parallel, and 
count the number of Degrees it gives in the Graduated Meridian 
from a to m, and draw the Parallel m-n till it meet the Rumb-Line 
SL produced in Q, which will be the place of the Ship required. 


By the Inverſe Method of this, may the Courſe and Miles of 
| Exiting and Weſting between any two places be eaſily found. 

7. If the Diſtance and Departure were given to make a prick in 
the Chart, and find the place of the Ship. | 


l 


©" Admit a Ship in the Latitude of 49%. 30'. North, Sail between 
the South and the Eaſt 619 Miles, until her Departure be. 391 
Miles; and it be required to. make a prick in the Quart, and 
fi the place 5 1 edar- ai 1 TH 12 NJ 3: 
Having Drawn the Meridian c d paſſing through the place de- 
parted from, fer off the Miles of Departure in the Graduated 
Parallel. from d to 9 from c tog, and draw the Meridian 9,9. 
Then with the Diſtance between the Points of the les, 
Aetting one foot in S the place departed from, turn the other 
about till it cut the Meridian laſt drawn in I., and draw the 


* 


8 1. | ip * wal Atty 1 bt: AN 
Laſtly, Apply the Diftance 8 K, to the Graduated Parallel, and 
count the number of Degrees equal to it in the Graduated Meridian 
from 2 to n, and draw n 7, and produce 8 L, till it Interſect it 


3 Q which is the place of the hig. ITT. 
21 kt we are taught. how kl che Diſt and Miles of 
Balding" d * ce 


* 
- 


Faſting and Weſting, heryecn, any, tma;places/whadacrer: in the = 
Chart: 34 


— 


g. If the Difference of Latitude and rare were #iven to 
Example. 


'F% 


Admit a Ship in the Latitude of 477. 30'. North, Sail between 1 
the South and the Eaſt, until her Departure be 2391 Miles, and then | 
is found to be in the Latitude of 397. 30˙ North, and it be required 
to make a prick, and find the place of the Ship. 

Having drawn a Meridian and Parallel through the place de- 
parted from, draw alfo the Parallel into which the Ship Sail'd. 
Then take off the Difference of Latitude in Degrees and Minutes, 
from the Graduated Parallel; and ſet it off in the Meridian paſſing 5 
through the place departed from, from Sto K, and draw KL 
at right Angles to the Meridian to L, till K L be equal to the 
Miles of Departure the Ship has made, taken off from the Gradu- | 
ated Meridian. | 


Laſtiy, from S through the point L, draw the Line & L, and 
continue it till it meet the Parallel into which the Ship Sail'd in Q, | 
which will be the place of the Ship.” ks | wr 

By the Inverſe Method of this, we are taught how to find the | 
Difference of Latitude and Departure, or Miles of Eafting and 
Weſting, between any two places in the Chart. | 


9. If the Departure and Difference of Longitude between any | 
two Sg were given to make a prick, and find the place of 
the Ship. F Td 


_ ExenpC. .-.. 


Admit a Ship ſome where under the Meridian c & in the Charr, 
Sail due Eaſt until her Departure be 291 Miles, and her Difference 
4 1 540 Miles, and it be required to find the place of 
the Ship. | þ | 
| Make the Difference of Longitude given, equal to 90 upon the 
Line of Sines, then will the Departure be equal to the Cofine of 
the Latitude, or Diftance of the Parallel, under which ſhe Sails, 
from the Pole; find the Degree of Latitude in the 22 

| | ridian, 


ol 
. 


— — 


— 


* 8 — — 
* * err o a 


4 95 | CY Navigation. 
Meridigs and draw the Parallel of Latitude, and ſet off the De- 

- grees of Longitude in the faid Parallel from the Meridian firſt gixen, 

and the point laſt found, will be the place of the Ship. 8 

Hence we are taught how to find; the Departure and Difference 
of Longitude between any two places given. 


Thus I have ſhewn from the Principles fir laid down, and then 
Demonſtrated z not only how a general or particular Chart may be 
made, but how any place, and Dr Country, or the 
Sea - Coaſts thereof, may be prick d down any poſſible Data. 
As alſo how the Careful Mariner may prick down his ſeveral Run- 
nings, and thence know the place he is in at all times; and find 
how far, or upon -what Courſe, he mult Steer to arrive at any 
Port whatſoever; and what a Satisfaction this muſt be, I leave 
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Or the Projection of the 
SPHERE. 
Definitions. | 


NAIRCLES Deſcribed upon the ſurface of the Globe, 
are either Great or Small. 

1. Great Cixdes are thoſe which divide the ſur- 
face of the Sphere into rwo equal Parts; or through 
which, if the Globe be cut by a Plain, it will be dividal 


equally. But : 
2. Thoſe are called ſmall Circles which cut the furface of the 


Sphere ually, or thr which, if the Globe be cut by a 
Plai it will be Aided _ ”y 


ual parts. 

3. The Pole of any Circle,  whet t 
imaginary Point upon the ſurface of the 
way equally diſtant from the ** 


198 The Projection 


— 


. + 

| Whence it follows. 
t. Fhat every Cirele whatſoever Deſcribed upon the ſuperficies 
of the Sphere, has two real Poles ; and fince every ſmall Erle d 
equidiſtant from ſome one great Circle It follows 

2. That the Poles of every ſmall Circle, ars the ame with the 
Poles of thoſe Great Circles to which they arg Parallel. 
3. All ſmall Circles Parallel to each other, have the ſame com- 
mon Poles. l 4 


General Definition. 


Conceive the Eye placed ſomewhere in the Superficies of the 
Globe, and at the ſame time a Plain to cut the Globe, and to ſtand 
at 1 Angles to the Line connecting the Centers of the Globe 
and Eye. If Infinite right Lines be imagined to flow from the 
Eye, to every Point in the Circumference of every Circle deſcribed 
on the ſurface thereof; they will trace out ypon the Cuting Plan, 
what we call a Stereographick Projettion F the Sphere. 


Whence, and from Cerollary the ! 7 of the Definitions, it follows 
| | 1 I . 


1. That the Eye is placed in one of the Poles of that Circle 
through which the Plain paſſes, and upon which the Projection 
is to be formed; which Er diſtinRtions fake, we call the Plan of 
Projection: Alfo the Pole oppoſite to the Eye, the remoter Pole. 

2. That the Pole when projected, falls in the Center of the 
Plain of Projection. We: 

3. Since all great Circles which. interſect each other in the Eye 
Point, lye in the ſame Plain with the Eye; they will when Projected, 
7 5 right Lines, interſecting each other in the Cex#er or Pole 

Projedlion. e en e 

4. That the Poles of every ſuch Circle, will be found in the Peri- 
phery of the Plain of Projection, at 90 Degrees diſtance from 
either of its Interſection therewith. N £ 
F. That the Lines flowing from the Eye, to any other Circle what- 
foever, form a Conical Supetficies. And in order to inquire into 
their Nature and Property when, Projected, we ſhall premiſe the 
two. following Lemma s. | = 


* 


* 


Lemma the 1ſt. 


1. That if an upright Cone be cut with a Plain, parallel to the 
Baſe the Section made in the Superficies of the Cone, will be the 
Circumference of a Circle, whoſe Center will be found in the right 
Line connecting the Vertex of the Cone, and Center of its Baſe. 


Whence, and from the Genera! Definition, it follows. 


1. That all ſmall Circles parallel to the Plain M Projection, will 
become Circles in the Projeclion. | 

2. That they will all have one common Center, viz. the Center 
and Pole of Projection. 


3. That their common Center, Lis, the Center of the Projeclion, 
will be their Common Pole. | 


4 That their Radius's or Semidiameters will 4 
be equal to the Semi-Tangent of their remoter 
diſtance from the Pole f Projection. | 
For in the Figure. Suppoling e the Eye, a 5 
the Plain of Projettion, p its other Pole, and 
m n the Circle to be projected: oc equal to 
cq, will be equal to the Semi-Tangent of 
np or p u, the diſtance of the Circle u, 
to be projected from p the remoter Pole. 


g Lena. the 2d. 


Baſe; yet fo that it cuts off a part Similar to the whole, the Section 
made in the Superficies of the Cone, ſhall be a Circle. 


Wbhence it follows. 
Plain with the Eye, which we have already confider'd) tho? they 


are not parallel to the periphery of the Plain of Projeffion, yet be- 
come Circles in the Becken _ D - 4 * K 
3 | 3 For 


If an inclined Cone be cut with a Plain, not parallel to the 


1. That all Circles whatſdever, (except ſuch as lye in the ſame 


The ProjeSior 
- 1 »* * 


For if as before, e be the E 
=b the Plain of Fee ie 
remote Pole, and 1 n the Gu 


phe on reels 


Through 2 aw ar parallel 
2 . 
_ toe mn (Cor. 1, 

or. the 1oth, of Por he Gel 
and men common to both. 


Wherefore the Tilandles « e mn. 


enr. and confequently e og are 
and 9 à Circle by the 
uma, as was aſſerted. 


Whetefore. 


Similar 
ſecond 


; 2. That of all the Diameters of 

any one of thoſe great Circles to be 
wjefted, rheir Centers and Poles. will be found in that projected 
7 which * he two 8 of th Circle 
to be projected; that other great Circle w es through 
d and cuts. the Circle to be an at. n e 


by Definition. 

Which for brevities ſake, T call che Projetied Aer; ; e 09 is 
the Projeffed Axis. 

3. That all ſmall Circles will have their Projedled Axit's in that 
Lines in which the Eres Axis of the great Circle to which they 
are parallel lyes. 

4 That the Semi-Tangents of the 5 grate and leaſt. Diſtances 
ef any Circle from the — Pole of. Projection; ſet off either on 
ain 0. contrary ſides of the Center of Pro jon, as the Caſe 
2 will give the Interſections or Sent of the * ed 

3 "Ih + 


Of the SPHERE. 20 
. That of every great or ſmall Circle within which the Pole of 
Projeltion n Diametess or Projefed Axis, is equal to the 
Sum of the i-Tangents of their greateſt and leaft diſtance 
from the Pole of the Projection. Thus in Fig. 1 and 2, o q equal 
to the Sum of oc and cg, is equal to the Sum of the Semi- 
Tangents of the Arches. m p and p n, the greateſt and leaſt diſtance 
of the Circle from the remote Pole of Projection. 

6. That of every ſmall Circle without which the remote Pole of Pro- 
jeftion lyes, its Diameter or projetted Axts, is equal to the difference 

of irs greateſt and leaſt diſtance from the Pole Projection. Thus 
in Fig. 3. 0 ' is equal to the Difference of c 9 and co, the Semi- 
Tangents of p and p m the greateſt and leaſt Diſtances of the 
Cixcle from the Pole of Projection. 

7. That of the two Poles of every great Circle, and conſequently, 
of all ſmall Circles parallel to it, that which falls within the P/ai7 
Projection, will be diſtant from the Center, by the Semi-Tangent 
of the Excels of the greatelt Diſtance, of the projected great Circle 
from the remoter Pole of Projellion aboye a Quadrant; or the deſecbof 
the leaſt diſtance from the Pole of ProjeJion to a Quadrant. Thus 
in Eig. the firſt, d the Pole of che Circle, n is diſtant from rhe 

Center by the ſpace of d c, the Semi-Tangent of the Arch x p, the 
— $/5ve p m above a Quadrant, or the Deſect of p 7 to a Qua- 
rant. | 

8. That its other Pole will be in the projected Aus, op the 
contrary tide of the Center, and diſtant therefrom by the Semi- 
Taugent of the grojected Circles neareſt diſtance from the remote Pole 
of Projection leſſened by a Quadrant. Thus likewiſe, in Fg. the firſt. 
the Exterior Pole of the Circle, 7 is diſtant from che Center 
c, by c f the Semi-Tangent of p, the. neareſt diſtance of the 
Circle fromthe Pole of Projellion, Gn by a Quadrant. 

9, Hence we are taught bow to find the Interior Pole of any 
great Circle, and conſequently of all ſmall Circles parallel to it, 
viz, by ſetting off the Semi- Tangent of the Complement” of its 
neareſt diſtance from the remote Pole of Projeſtion, in its projected 
Axis, on the co fide of the Center with the Intexſection. 

10. But for the Exterior Pole, by ſetting off the Semi - Tangent 
of irs neareſt diſtance, augmented by a Quadrant in the projected. 
Axic, from the Center on the ſame fide with the Interſection. 


- 


Propoſition. 


© FIG Fo 24 
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I two Circles cah and 5 4 f. in- 

"Mts terſect each other in the whine a, 

86 14 42 the Angle g 4 h formed by them at 

| their Interſection, ſhall be equal to the 

Angle h ac, made by the Radius 2+, 

and ac drawn to the point of Inter- 
ſection 4. b 


Conſtruction. 


To the Point of Inter ſection a, draw the line fa, a Tangent to 
the Circle g 2 b and d a, a Tangent of the Circle h c. 


| Demonſtration. 


Nato, Becauſe the infinitely ſmall 3 of the Circles g 2 b 
and h ac, do coincede with the Tangents f and d a, and 


conſequently have the ſame ditection; therefore the Curve lined 
Angle g 4 h, is equal to the right lined f a d, formed by the 
Tangents f 2 and da: And becauſe the Angle fab is equal to 
A a c, take away from each the Interjacent Angle g a d, and there 
will remain the Angle b a c equal to Fa d, equal to g a h, which 
was to be proved. 4 1 a 2h. 


Whence it follows. 


1. That of every great Circle to be pro- 
jected (which does not lye in the plain of the 
ye) the Tangent of the Complement of its 
Diſtance from the Pole of Projection; ſet off 
in the projected Axis, on the contrary way 
with its InterſeCtion, will give its Center; 

for c is equal tothe Tangent of c 4 z, the Complement of d a c. 
2. That the Secant of the Complement of the ſame diſtance, 
will be its Semidiameter; for « equal to d, is equal to the 

Secant of c « u, the Complement of d aa ca. 
3. Since 14 equal to d, is equal to dc more d 7, it follows 
aniverſally, That of any great Circle to be projected (that cou oo 
| nter 


* 
- 


Of the. SPHERE. aog 
Interſett in the Eye) if the Semi- Tangent of its diſtance from the 
remoter Pole of Projection, be ſet off in the projected Ait, on one fide 
of the Center, it will give its Interſection; and the Tangent of 
the Complement of the ſame diſtance, ſet off in the ſame pro- 
jected Axis on the contrary fide, will give its Center. 

4. In all Circles which cut the Periphery of FO. 
the Plain þ Projection at right Angles: Or 1 
which is the ſame thing, whoſe Poles lye in. ; 
the Circumference of the Plain of Projection, hg AV 
that the Secant of the Complement. of their n "fp 
Diftances from the remoter Pole of Projeftion, ſet, 
off from the Center in the Projected Ai, will 
ive their Centers; for c m is equal to the 1 
t of pc 4. 5 | | 
5. That the Tangent of the fame diſtance, will be equal to- 
their Semidiameters 3 for m a equal, u d is equal to the Tangent of 
fc a, or p 4 the Complement of d c, its diſtance from the Pole of 
Projetfion. N 0 8 | 
6. Since c m' is equal to cd, more d , it follows that the 
Semi-Tangent of its diſtance from the Pole of Projeftion, ſer off in 
the projected Axis, gives one Interſection; and the Co-Tangent of 
the ſame diſtance, ſer off from the. Interſection the ſame way, 
_ gives the Center. 
Propoſition the ad. 
If through the remote Poles. 
of two Circles, two other Cir- 
cles be deſcribed upon the Sur- 
face of the: Sphere, they will 
cut off equal Arches in thoſe 
great Circles; and likewiſe in 
the ſmall Circles equidiſtant 
from thoſe Poles through which 
they paſs BUDD NP 
p be the Pole of the 
Circles W d and in, c the 
| on * 2 b and pe p 
go; pd 0b and pmrgqa the repreſentation of the two Cir- 
cles. paſſing through the Poles p and c | 19. 
1a, 
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I ay, | | > $0992 | J ee eiae. 
1ſt. Of the great Circles m d and 2 50 the Arches, m d and 2 þ 
cut off, ate equal. ate: 4 N. 
For the Arch p db is equal to c h d. and p ma 3 
and the Angle a p equal to the Angle bc 4: V herefore the 
1 a 2 * m c d are equal, and conſequently 4 ö) equal 
to m d. Q. E. D. 9 e 
2. Of the leſſer Circles q o and r n, equally diſtant from the 
Poles c and p. I fay the Arches go n ate equal, for the 
equal to pd x, and 


. 
Ly 


Arch cag is equal to pn, and cbo eq 
the Angle g c equal to 7 p 7 as before; wherefore the Triangles 
26 and rp A ate equal, and conſequently the Arch 2 o and 7a 
are equal. Q. E. D. N 4431: voy 


| Whence it follows. | 

1. That if through the Pole of any Projected great Circle, and 
any part or Segment thereof, Lines be drawn to the Periphery of the 
Plain of Projection, they will cut off an Arch equivalent to the 
Segment of the Projected Arch. Nerd. N SY 

2. That if through the Pole of any ſmall Circle, Lines be drawa 
to the extremitiesof any IR or portion thereof (and continued if 
need be) they will cut off an equivalent to it in that ſmall 
Circle, which is parallel to the Plain of Projedion; and as far 
diſtant from the under Pole, as the given Circle is diſtant from its 
upper Pole. Ky Wi 2 


Whoever is well acquainted with what has been ſaid of Pro- 
jections in this Section, will find it no difficult task to deſcribe 
any Circle great or ſmall in any Projection, or meaſure any part 
or Segment of it when projected: And therefore I ſhall in the 

following Section, conſider the Affections and Properties of the 
ſeveral Triangles made upon the Surface of the Globe, by the 
mutual Interſection of the great Circles; and draw ſuch Gonſe- 
uences*® as will moſt eafily conduce to the Salution of the 
veral Caſes. | | ihe 


j 


* 
. 
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. E C T. "We 2447 f DIED 


TOI & 7 i a * 


of. 8 Spherical Ve . dee 


e eee I 


oy 
a 


= 


8 A Nin Thiangle, wie Subject o Plain {Eriganonetry; is 
* frined? by the mutual Interſection of three; ſtreight Lines 
upon a Play : 8 5 Spherical Triangle; the Subyeck of Jaber 
gonometiy; is made by che meeting together, or Interſection of the 

Arches of three great Circles on the Surtace of the SphereeQ. 
Wade E eB as. ach Angle of a Plain Triangle, is made by the 

lof c ro ght Lines on à Plain Surface; each Angle 

of a anche cal. NT — by che E en o u 

8 ircles on a Spherical Surface. Lenz 


of” Again. As a Plain Angle is — by the Arch of . 
Circle, deſcribed from the Angular Point, and intercepted” between 


the Lines which ferm the Angle: So a Sphrrica/ Angle is meaſu- 


red by the Arch of a Circle, deſcribed from the Angular Point on 


which conſtitute the Angle. 

1. Hence it is, that, I the fides that contain the Spherical, Angle, 
are continued till they are Quadrants, then the Arch of the great 
Circle (of which the Point is the Pole) contained between 


them, is the meaſure of t 
(2. 11 8 it is, That a 195 nes Angle is the ſame with the 
5:99 nen Plains, which Pals 
t 


Ang le of Inclination "of th 
throu h the Circles conſtituting 

3. Hence it is, That cb s 
e c at the Inter He 
zo great Circ reles wie equal. e 
An fines the Arch et a great Circle rl e ed e 
is the ſhorteſt ſpace between two points oo yy 
on he Surface of the Sphere, as a ſtreight Line is the ſhorteſt ud 
E e between 


the Surface of the 125 and intercepted en the Lines 
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between two Points on a * it follows from the e 


Theorems "7: Rane 2 4200S wy : 


4. That the Arch of a * Cirde Ein” upon another, makes 
Angles equal to two right. 

5. That the oppoſite Angles, made by the InterſeQion ok two 
great t. Circles ; Je, 11 


6. That of two E 1 if o one Angle i in each, id 
the two containing fides be reſpeQtively equal; or if one fide and 
the two Adjacent*fides be ſeverally equal; then the other parts, 
and conſequently the two Triangles are equal. 


7. That an Equicrural Spherical Triangle, hath its two Angles at 
the Baſe war ah. equal; and on the contrary, If the Ausles at the 
Baſe are. equal, x Mop: oppoſite Sides. will be.alfo equal. 

8. Hence Spberic I) * equilateral, are ao 

3 nenn | 


9. That the greateſt Angle of every Spherical Triangle, is 0 
fits to the greateſt ſide; and: on ere is un 
ſubtends the Seel — e SOT fu call 


10. Hence it is, That any two fides of a Spherical Triangle taken 
been r wes _ the think We remains. HIDE ent, 


Since al great Circles" * each ater mo equal. par, i it 
follows, | * 2 

1380 | 3 That 

rrangle, 1 

8 9 — for BB 

1 5 hour 


1 2. That ny Sum of ;the three fade 
A 


fide of a Spherical 
Na 4-3 -Semicircle; 
10 tan D B S, and D A 


OA! HT; 7: ar 


of 85 Spherical Triang bs, leſs than 
a Circle; for BA is det then B C and A C taken. oor and con- 
ſequently B A more B D mo! Si DEE, more 


2 


DAC; the Sum of which 3 5 lf, ee foro Fon 


Spherical, 2 


$f: 20 Sn Nato7 er & hp oy 


y of the de 


hen dee « 1 
Preat ene fs 
18 „ 


Wen RL b D Gs is o: ftr dbl 


* wy 

ing the Points B, D, and C as Poles bete the great Circles 
bpca. 9 ocd and be dn 

N c being the Pole of B D, c m is a Quadrant, and equal 
74 b being the Pole of B C: Add therefo e or: the 


jacent Arch e, and the whole-c þ will be 10, N, the 
png T tad the! . of the "ORF TH. 95K 


7% » x Again. '(19A6! (7. 167 155 4 


Fr»; ov; 3} Iri'? 1 


d being the Pole of D 9 dn equal to a Quadrant, is ea 


1% Add d to each, apd it will Lake e to. D 15 the Jußp⸗ 
plement of 's, che meaſure of the Angle a Boat rl 


ly. from do equal to a Quadrant, la to c jake” c'0 
33 15 $5 the meatur of 5 FE 
of the Angle at D. 9: e. d. N 


1. Hence it is manifeſt, that the Triangle 4 4 c, conſtituted be- 
„ nearer; Poles, hath its 3 Nis qual o the 


2 As N er the range BD C, ( 


egg 714 ty 


eng Gar the greateſt fide 
c, is the Ju 1 teſt Angle t Dy and the Angle at 
45 the Sopplenicat of th ogra Side B 

2. Wherefore, 3 Angles of any = "Ow Triangle being 
oe, rh re 6 ET Spherical Tri i ee 
g are equal to the e hs former i 132 
that DO greateſt Angle of the Triangle given, is equal to 


plement of the — lids of the as 3 bound; and the hos, 


8 Liangle, are greater than two right Angles. 


20  Spheweat. Tri gabe 
Angle of the Triangle found, equal to the greateſt Angle of the 
Triangle given) it follows, chat the -three —.— being igtven, tha 
ſides may be eaſily found; and on the contraryz\ \ "the tides being 
given, the Angles may be eafily had. 


Hence. and from the 1 2th, As is that the three Angles of any 


For by "x2th, bd, de be the Su lement dae lee 
G D, 24 B of the Tian gle BDC ate lefs than 


les. 

That 3s, fix right An Jeſſenedt by boy tang pr why 1 6 835 
of the Triang le BDC, are leſs 2 right 508. Tha is, two 
right Angles © leſſencd by the Sum of the Angles C, D, and B, is leſs 


than nothing; wherefore the Sum of the A les 05 1725 B, am 


greater than two right N aA 


R hy . 
mi 2 3627 onder re more caſe 7 


Ke and 4c the meafure of the Angles C — B taken _ 


ter than d che 8 the D.: And fine 
1 TE e 


Dent. make 1 85 right; Angles, d. ce d. 8, and 
the Supplement Pls F: Uken toget t mae mn more: That is. the 


* * 'Dand C taken — — — than two right Angles. 
And fince by the 4th, the 12 and External Angles of any 


| we Triangle, are 2 by, 6. Th © gel x it 15 alen _ 


U ever. exceed. 6 tots or * 4 bb 
er A "Tas! 19 5 any, es ts | 


triangle; any tro 
ih 19 auge AE 2 ny 12 Supplement of » 


ans z Tomes an 
e EE ning 
2 bainifrod 2 vv amd ET 1181 1 Jþ 94k. H 
be a. 
517 07 _ K — 1A il rege he ge oth Orotlary- 
WT it follows, 2 
4 0 2 0 C 855 zug ec: 10 


$2 '$ 


£920 


Nn That, in 45 5 nels, it 
bs - the Sum of a he E bf an Angle A 
rt or leſſer than 

g 


7 
Angle 
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1. If DB more BA (ag al to > D B.C than B A is equal to 
B 8 3 and conſequently C is equal to C, w ich is 


equal to D by the this). þ 
«qu 2reatir than DB than B Ak eater 


If DB more BA, => 
thin B C; and ae. the Angle B A C, leſs than the An- 
gle C, which is to the Angle D by the third; * — 
quently. the Angle gl t D* is greater Tak BAC. 9. e . oy 

IH D more B A, be leſs man DB C,. than BA is leſs than 
B E, and conſequently the Angle B A C is greater than the Angle. 


C, which is equal to the Angle P, wherefore the Angle D, is 
leſſer than B A C. 7. 4. 


Hence likewife it is finkertmnifeſt that if any 1 ſides of a 
Spherical Triangle taken together, are greater than, equal to, or leſſer 
an a Semieircle, the Sum of the Angles oppoſite to them, ſhalt be 


accordingly greater thay, equal to, or Ain than a Semicircle or tiro 
right Angles. | 


1. When DBn more. B A, is val to D BC, than the Angles 
it D and 3 are equal'to I AB, more BAC; equal to 


two en by the fourth. b 
5 B, more B A, is Sender than DB c; then the 
| ite, D, and D AB, is greater than the Sum of DAB and 


C; Br D is greater than B A C. 


When D B, more B A, is leſs than DB C, the Angle at D 
2 to C. is leſs than B A C; and conſequentiy the Angles D, 
and DA B taken together, are leſs than DA B and BA C taken 
together; ; which are equalto two . Angles by the 41. 
llence it is ianifeſt, that in an n Equicrural Triangle, if one of 
7 the equal Legs be equal to, greater or leſſer than 4 Quadrant, then 


the oppoſite Angles at the Baſe, are each . J al to, 
e or leſter than a right Angle 0172201 885 


Of ſeveral Arches of great Circles, falling Bom the fre point 
of the Surface of the Sphere on another Circle, the greateſt is that 
wich paſſes through the Pole of the 8 e next to this, 
5 5 than that which is tarther off. etz 70 5 lig Nut 


15 


Spherical Triganometry. 
For if E be the Pele of the Cir. 
„dcele B H FE, and G the Pole of 

: BP AE; then is AB=AP+4 
FBS AP+ PH greater than 
A H, which is greater than A 
which is therefore greater than 
A E, likewiſe the Arch H F 


- b 


* Sreacerthan HP, greater than BH, 
| A * 14 1307 111 1 


. i 404TH 3D £45] 
Hence it is, 


1. That the Legs of a right An. 
gled $ herical Triangle; ar of the 
Nr, ſame kind with the oppoſite An- 
gles: For in the Triangle B HA, becauſe B A is greater than the 
Quadrant B P, the Angle B H A, is greater than the right Angle 

B H P, and in the Triangle H A E, becauſe A E is leſs than the 
Quadrant P E; the Angle E H A is leſs than the right Angle EH P. 


ve £1 2.11340} Ie £3 22h IE SIS. AG. LET CY ; 
2. If the Legs (and conſequently the Angles) are of the ſame 
kind, i. e. both greater or both leſs than Quadrants, the Hypothe- 
nuſe ſhall be Heſs than a Quadrant. Thus in the Triangles E A B 
and F A E, the Hypothenuſe F A is leſs than a; Quadrant: But if 
the Legs are of a different kind, that is, one greater and the other 
leſs than a Quadrant, the Hy pothenuſe ſhall be accordingly leſs than 
a Quadrant, So in the Triangle A B H, the Hypothenuſe A H is 
greater than a Quadrant. 1 S e 
3. Wherefore, If the Hypothenuſe of a right Angled Triangle, is 
leſs than 90 Degrees, the Legs, and conſequently the Angles, are 
Similar; that is, both are either greater or leſs than a nt; 
And on the contrary, if the Hypothenuſe is leſs. than a Quadrant, 
the Legs, and conſequently their oppolite Angles, ſhall be one greater, 
the other leſs than 90 Degrees... 
4. If the Hypothenuſe be greater than 90 Degrees, each of the Legs 
ſhall be Similar to its adjacent Bogle, e. If the Leg be greater than 
| Degrees, the Angle ſhall be likewiſe greater, and the contrary : 
2 wier 175 Verſa, pres Leg. of:s right Angled 1 — be 
imilar, or of the ſame kind with its adjacent / the Hypothe- 
auſe ſhall be greater than a Quadrant. A 
0 . | | - 5 


Spherical © ens „ 


5. If the Hy . e ll be 


difimilar to its len has the on the con 5 
diſimilar to its adjacent Ang Hypothenuſe * cles ths 
a Quadrant, | 


Propoſition the 1 . 


In right Angled Spherical Tri- 

A a__ having tlie ſame acute An-- 

fie at the Baſe, the Sines of the 

ypothenuſes are proportional 

to the Sines of the Perpendicu- 
lars, and the contrary. 

For in the right Angled Sphe- 
rical Triangles ABC, and A de, 
right Angled at d and B. Becauſe 
CH and e are * ite 


Fd H B will be, 

Ae. AC : : ef; CH, RY 
As the Sine of the H ypothenuſe Ae, 
To the Sine of the H 4 AC; 


So is the Sine of the Perpendicular e d, 
To the Sine of r Perpendicular © B, and the We 2. e. d. 


as At 0 9 25 
Propoſition the 24 


Ia right FR 8 pherical. Trian les having the ſie acu ute Angle. 
— os 922 he Sings 225 the are proportional docheſTangents 
of the 


nd che contrary 
For in n righ 28 Nagel is 


erical CO Trawkes, A 2 e and A B C 


beau dg and 5 re prall it will be. A 45 ABI dg: BG, 
-þ 5. * ad agu £8 2 191017 N 
be of the Raſe A 44. lo Cle 7 40 


the Sine of the ſe AB 4 i! Ty 4 ezine 
PET angent ELIT beg 147 Jo 0:5 
To the Tapgent of the eres LN 


775 
5 r the Heel of f thoſ ho catino I 
A at 


ed e e 1 o TE 


read Aae e Fe 
gn Kew 8 Sj Bale. * Haglkt, 


hich have the ſame acute L, the following 
9 is effi uſe of. . 
: | 12 1 

— \ 1 BY ws N . 
(E 5 I 
* ., | | 

N © 

| %J 
74 


0 „ , 
| „ 2 1B |. 130 710 


| - The: upper: Quadrant" of the Serticitele AEC; moſt bovine 
| about upon its Axis B A, Hugg 8925 2 of the Circles M D E, and 

NB C with their T icularly over the 
| Lines ND and MB, ti dhe PRs 8 and C of the Quadrants, coin- 
| cede with the Points E and C of the Seftors A D EandA BC; then 
| will be formd the Spherical "Triangles ND E and NBC, Tight 
| Angled ar P and B; and A C wilt be the Site of the Hypo 
| N C of the Triangle N B C, alſo A the'Sine of its 
Again, EF equal to 5 1! the e 
N 


and G equal to d angent- of the 
Wherefore, Cc. as was = determen'd. | 3 
arge acai 


By the help of theſe two Propoſitio | 
Perties; it will not be difficult to give $olutions't all 
— of Right and VP Angled Were Niet e. _— 


+ SECT. 


the Solution 7 FE 16 7 1 An led 
7 Spherical 9 Ki . 
Caſe. I. ano i 


AIV EN the Hypothenuſe and one of the 7 TR. to 


find the Side Oppoſite to the given Angle. 


TS > %&4 


Bae e Ls Ss 8 
and ſweep the Arch D E, which will, he T adi o 
to the Angle at A, and it will bs eg 1 TRE 

S, AE :s, AC: zs, E Das, C B.chatis 

To th Radins Hypothenuſc AC, 

o the Sine of the uſe, 
So is the Sine of the Givert Angle B A C, 


= NE ee $6 


Ai £2 br e: Aion bag abie gong naviD 
= Caſe IL Bo is 
deen id and the cken . ſind A 
8 ee T 42 — — 4 
2 Band AC: 5 whe Is I A * 
the Angle at A, and it 107 


5 AD: A sehe an 


' Vo Fr 414 I! 1 E f 


Ly [7 


| "7 | „ 


Fd 


As the Radius 7 | 
Soi the Ting of he * 5 ABR & 


Wooly. hk e 7. 5 Tr > A 
- DCs bt 


Given one Side and the Angle Oppoſite to find the other fide. 
8 


Given E 98 to find A B. 


Produce A B to D and A C to E, till they 
are Quadrants, and deſcribe the Arch D E, — 
it will be by Prop. the ſecond 

. EDP. 1 CE. * ee 


; As the Tangent of th6GyGy: 1 Es 
Vo 9. f 


To the, Tangent of the ( 
So is the Radius, N 


To the Sine of the Side/A B, 2. e. 1. 5 


ale 3% 2 ie. 1 


CL * 


2. 2 N w 4 3 1 2381 N 8 


Gan on Bite fad Ange Oppoſite , to find the Hypothe: 
nuſe. JI ; | 2 Hole. . 
Given Ls. * T AC. 
Sf 


2 rig 81 STRAY J1938[; 


Having prone K © is Giiadan® 
and count e D by an Arch, it | 


D will LOL Far ef 945 837 


| 10 : D Ei d Et; © EN eee 910 
A of oe Elen Ang . dork. ai, eingab 1. 


To. JN 89 0 Ne W i bur At: ; oign& 27 


:UAz:UKkz 
1 10 the Sine of tlie Hypothenuſe, 9. e. i. Caſe 


Caſe W. 


The 


the given ide. _ 


| 4 Examples vid 
Given BC to find the h at A. 


Contihue N C. ad AB to | Quadrants 
draw the buen D E, e will, be, 


the firſt, 
SAC: $AE::4,CB:5ED. 8 
As the Sine of the Hypothenaſs WE 
To the Sine of the n ; 725 2111 to ue le 


So is the Radius, sten g S 
To the dine of the _ at A, 2 PF 


ICaſe vi. 


l "Mt 3 Ynavdiogq” 14 10 2 


The Sides Given, lad either of we 7 2a 
— A bi 1 
Given 4 pete to 600 the ee A. 


03 * UN Ny : 
- 


— 5 ypo 

Ro , and th 
e Arch D Kell be by. Tape: : 
$AB:;$AD::tBO: h P P. chat i, 


Mi n. 4d 2: 1857;.1 5 L 


As the Sine of one of the hoes ve : 
To the Radius. | Zuibe $f 7 


So is the Tang EAT ani? 0 56: 1 00 
n 
Eg: 


215 


4 
— — f . Fro I ——— — 


(Ia and; ers Site eo Hüd the Argte Oppilite to 


. 1 = 2 | | 
Spherical: Trigonometry. 
£ 


Amen the Hypothenuſs. and. ons. of che he Legs to find the oh 
W Examp! 


Gin FSC F roman 


** AC, AB and B C till they are 


and connect the Heims F E, and D, 
the Arch EE D, and it will 


C:FB::CE:BD, tat is by Pro. th 


As the Sine of a Complement! of 0 B. 
To the Radius, 


So is the Sine of the Com plement of: A C. orche gosnser c 
To the Sine of ths Complement or Co-Sin SIS > re . 


Caſe vnn 


The Sides ”_ given to find the Hypothenuſe, that i: 
| £2"; 407 24 *0 1911119 Bus ple. * 7 7. 18 gu d 
5 e 
212 a ng) 
uin continued. th e Sd. AB and, BC 
alſd the Rypethenule 8 ratits.- 


"'D. 1 4 ger . 


45 ICT Y* 31 


1B FC::BD: CE; that s by Prop the fiſt 


Nt 2 ien "O 210 2 ne an 


Spherical Trigami . 21% 


Caſe 


= 
* % 
« *# 


Given 27 to find A C. NN 
85 \ NE 
Produce = — Pol L. auß to . 
Quadtants, 2 oyn the 
an Arch; —— F B is a 2. — = 


ſhall be one likewiſe; and i will be by Prop 7 
the ſecond. 


5, FD: s, F E:: t, BP: t; C E. chat is. 


As the Radius, 
To the Co- Sine of the Given Angle B A C. 
So is the Co-Fangent of the Given Side A B, 


To the Co- Tangent of the Hypothenuſe, q. e. 1. 


D | Caſe X: 


The Hypothenaſean and an has being given to find the adjacent Side. 


-* © Example. © ; F 
1: 1 pen. AC$ rofnt AB. 4 


o 
. 
ons 
AL. 
#” + * 
? . 
” 8 oy 
pr 
F F. % 
9 - 
os = 
92 — 
. 
1 
* 


ee eee it will be 

* 5 
„ : 5 FP: t, EC: DB, tarts, 
. 


To the Radius. 
$0 is the Co- Tangent of the Hypothenuſe. A C, 
2. 6. 11. 5 


To the Co- Tangent of the Side, 


- 
= = —_ — — 


—  —}_—_— 


One Side and the A to find the H | 
Ran A agen po- 


— _—  ——_  — EE. — A. 


| 
[ 
| 
1 
[| 
I 
1 
* 
i 


Caſe XI. 
One of th Sides and the lie, Atigle, deing given to find 
the other Apgle. 


L Gina W 6 wa 4. 


| 3 E Having as in the former Cæſe, produced the 
Hy pothenuſe and Sides to Quadrants, and con- 
7 netted the Points F, E, and D by an Arch; pro- 
5 D 4uce the Sides and —— of the Triangle 
CFE, till they are Qnadrants; and joyn the 
Points G, H, I, by the Arch G HI, which will be a Quadrant, | 
and it will be * Prop. che firſt. | 


s CH: $CF: 8 SF E tharls,./ 


* 


As the Radius, 

Fo the Sine of the FIR b c E, equal to Gece Angle ACS, 
So is the Co-Sine gf the Side Given BC, 

To the Co-Sine * e Oppoſite Angle. 4. e, i. 


Ba” XII. 


One Side and | ibe Angle Oppolite being Sven, to find the other 
7 80 5 Example. 


Giyen'\ _ 84 to find the Angle at C. 


0 Having 3 ge preparati 2 — 
former Cafe, it will be, e 


D 5 PS CH. :s FE: 5, HI by Pro: 7 


KA 
Y # 1 
8 © 


that! 1s, N 
As the Co- Sine of the Given dide B C. 3 5 3 * 2 
To the Rad iu 5 80 5 
So is the C CoBink of the Given . le BA &.- wer 
To the Sine of the Angle A & B, 5. e i. wm ol 


Caſe xi. 
One Side and the Hypothenuſs, vein given to find the contained 
Angle. Nr 4 


Given 15 cf to find the Angle at C 


Continue the Sides as in the 11th Caſe, and it 
will be, 


EI:FH::1G: HG, mat is by Pop, the 2d 


As the Tangent of the Hy thenuſe A c. 
To the Tangent of the 81 e Given B C. 
So is the Radius, 

To the Co- Sine of the Angle at C, 95 e. i. 


Caſe XIV. 


The man and one of the Angles given, to fin] the other 
Angle. Fxample. 
Ges $ 4 8 8 to find the Angle at A, 


uy the Sides as in Caſe the 498 ad it 
will be by Prop. . the 2d. 


„ CI: sc. t IH: fan, 


As the Radius, | "ay 
To che Co. Sine of the H 8 AC. 2 
* tue Tangent of the 148 Given C. 


eee 6 4.61 i. 


T 


— — 5 
Caſe XV. 


3 * given to ſind the Hypothenuſe. 
| Rs x 


1 Given “ A mat 4c. = 


Having produced the fides as in the n Caſe, 
it will be by Prop. the 2d. | 


n t HI:t,FE::sIC:5s,EC. bark, 
As the Tangent of one of che Given Angles 8 
To the Co- Tangent of the other 4A. a 


| So is the Radius, 
| To the Co-Sine of the Hyporbenule 


Caſe XVI. 


The Angles given to find one of the Sides. 


29 le. 


La CE 
. "3 
| = E Make the fame Produktions as in Ge the 


| 11th, and it will be by Prop. the it, 
B - 81: s EF:: HC: 5, F C. thatis, 
As the'Sine of the Angl 8 


| Io the Co-Sine of the 
To he CoSie ofthe Sue 96 


So is the Radius, 


is) 
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Containing the Solution of the 12 Caſes of Oblique 
Angled Spherical Triangles. 


E Rien Oblique Angled Spherical Triangle, may be reduced into 
Right Angled, by letting fall a Perpendicular from ſome one 
ot its Angles upon the Oppoſite Side produced, if need be. 

The Perpendicular when let fall, either divides the Triangle into 
two Right Angled ones, or makes it two, by adding one to it. 

It the Perpendicular falls 
within, (as in the 1ſt. and 2d. py; . 
Feures) it divides the Tri- 8 1 
angles B D C, B D C firſt 
given into two right Angled 
ones BAD and CAD. But 

If the Perpendicular falls 
without, (as in Fig. the 3d.) 
it produces two Right An- 
gled Triangles B A D and 
CAD, by adding one right 
Angled Triangle C A D, to 
the Triangle B D C firſt 
given. , * 

It the Angles at the Baſe 
of the Oblique Triangle are | 
Similar, that is, both Acute, (as in Fig. the 1ſt.) or both Obtuſe, 
(as in Lig. the 2d.) then the Perpendicular let fall from the Angle 
Oppoſite to the Baſe, falls within the Triangle: But 

I the Angles at the Baſe are Diſſimilar, that is, one Obtuſe, and 
the other Acute, (as in Eig. the 3d.) then the Perpendicular let fall 
from the Angle Oppoſite tothe Baſe, will fall without the Triangle; 
and conſequently the Baſe muſt be produced to meet it. Theſe rwo 
laſt Inferene :s are abundantly manifeſt, from the ig. in Pag. 210. 

Hence, an] by the help of the former Section, in any Oblique 
Angled Spherical Triangle Er Data) the things ſought 

5 28 | WU: - 2 may 


D Fig. 2. 


Caſe the 4th, of Right Angled, &. 
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may be eaſily found; provided, that when the Perpendicular is let 
fall there are two things given belides the right Argle, in one of 
the Right Angled Triangles produced. 

Wherefore it is — in all Caſes, that the Perpendicular fall 
from the end of a Given Side, and Oppoſite to ſome Given Angle. 


Hence thoſe Caſes wherein the Sides are given and not the An- 
gles, or the Angles and not the Sides, cannot be reſolved after this 
manner, and therefore does not fall under the General Law ; hut 
require ſome other peculiar Contrivance, which ſhall be ſhewn in 
its due place; and in the mean time we ſhall proceed to the Solution 
of ſuch Ca/es as fall under the General Head. 


Caſe I. 


Turo Angles and a Side O ſite to one of them, being given, t 
find the other Oppoſite Side. 1 RN 


= Example. 
% LB 
3 G 83 to find D C. 
A CC 
B C The Perpendicular DA 


; | being let fall from the end 
of the Given Side D B, and Oppoſite to the Given Angle B, it 
will be by C2/e the 1}. to find the Perpendicular. 


R: s, BD: zs, IB: s, D A. i. "0 
As the Radius | 


Io the Sine of che Given Side B » MW 1 
So is the Sine of the Adjacent Angle D B C, 
| To the Sine of the Perpendicular. | 


Which being Obtain d in the Triangle D A C, right Angled at A. 
are given D A the Perpendicular before found; and the Angle at 
the Baſe A C D, to find the Hy pothenuſe D C, and it will 1 by 


. 


5, LC:sDA::R:s,DC. that is, As 
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As the Sine of the Angle Oppoſite to the Given Side, 
To the Sine of the Perpendicular. * . 
So is the Radius, | 
To the Sine of the Side D C. g. c. i. 


Caſe II. 


Two Sides and an Angle Oppoſite to one of them, being given, to 
find the other Oppoſite Angle. 


Example, 


B 
Given 55 85 required Lat C. — 
9 B C Fe - 


— 
The Perpendicular B A, being let fall from B the end of the 
Given Side B D, and oppoſite to the Given Angle B D A, falls with- 
out the Triangle, becauſe the Angles at D and C are Diſſimilar; 


and therefore to find the Perpendicular, it will be by Cæſe the 1ſt. 
ot Right Angled, c. I s fi 


R:sSBD::SLBDCorBDA:sBA. that is, 


As the Radius, | | = 

To the Sipe of the Given Side B D, adjacent to the Given Angle D. 

So is the Sine of the Given Angle B D C, or its Complement B D A. 

To the Sine of B A the Perpendicular. | * 

Which being had, the Angle at C js eaſily Obtained; by the 
help of the 57h. (/e of Right Angled Spherical Trigonometry. 


For ſince the Hypothenuſe of the Triangle BAC, and B A the 
Perpendicular are given, it will be by the ſame C2/e. 


| s, BC:R::s, BA;$LC. that is, 
As the Sine of the Side Oppoſite to the Given Angle, 
* the map 9 * nh 7, 3k 
is the Sine of the Perpendicular, . | 
Io the Sine of the Angle at C. 2. 1. ic! t ng 
2 „ Caſe 


f 
| 
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Hy po 


Caſe III. 


Two Sides and an Angle Oppolit to one of them, being given, 


to find the other Side. 


Example. 


2 B D 5 
Given 3 IT to find B C. 
DC 


| dicular D A, itwill be by Caſe the ft. of right Angled, Cc. 


As the Radius, 
'To the Sine of the Given Side B D. 


R: BD: , LB: S D A. that is, 


So is the Sine of the Adjacent Angle B, 
To the Sine of the Perpendicular. 


2. To find B-A, it will be by Caſe the 10th. 


R cs, CB: t, BDut, BA. e 


As the Radius, 


Io the Co- Sinebof; the Adjacent Angle B. 


| 
| 
| 
| 
| 


— 


an fall 2 without 


So is the Tangent of the Given Side B D, 


. To the Tangent of BA. 


e being r A C is eaſily had. 
For as cs, DA: s, DC es, CA. that is, 


As the Co- Sine of the "Ds D A, 


To the Co-Sine'of the Side N to the Given Angle. 
So is the Radius. 
To the Co- Sine of A C. 


If the Per- {within 0 en AC Fact? to'? 


45 


The perpendicular DA 

| being let fall from the end 
of BD, and O ob to tha Angle at C; 55 D and D C become 
thenuſes in both Friangles; and therefore to find che Perpen- 


Sub. from ABgireBG ge 
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Caſe IV. 


. Given two Sides and an Angle Oppoſite to one of them, to find 
the Contained Angle. 


Example. 


BD) | 
Geng L 89 to find D. 
DC 1 | 
The Perpendicular being let fall, it will be by Caſe the 1/2. 
1. Rs, DC::$,lC:;s, D A. that is, | 


As the Radius, | 

To the Sine of the Adjacent Side D C. 
So is tae Sine of the Given Angle BCD. 
To the Sine of the Perpendicular D A. 


2, To find the Angle AD C, it will be by Caſe the 1475. 
R:csDC::t,LC:ct, LD. that is, 


As the Radius, 

To the Co- Sine of the Side D C, adjacent to the Given Angle C. 

So is the Tangent of the Given Angle at C, 

To the Co-Tangent of the Angle A D C. 

Again, in the Triangle B A D, having B D and D A, it will be 
to find LB DA, by Ce the 62h. 


as t, BD: R:: t, DA: cs, L D, i. e. 


As the Tangent of the Oppoſite Side B D, 
To the Radius. 

So is the Tangent of the Perpendicular D A, 
To the Co- Sine of the Angle A D B. 


If the Per- Fwithin J. then A DC 8 — to + B 85 


a A, gives 
pendicular fall & without Taken from B 


6 „E. i. 
ale 


* 
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Caſe V. 


Two Angles and a Side O fite to one of them, bei 
find the other Angle. ee em, being given, to 


Example. 


8 | to find the 
ZN, 2 % ae 9 88 b 
2 


B 


The Perpendicular be. 


Ing let fall, it will be by 
Caſe the 14th. to find B DA. 


R: cs, B D:: t, IB: et, IB DA. 


As the Radius, 


To the Co-Sine of the Given Side B D. 
So is the Tangent of the Angle at B, 
To the Co-Tangent of the Angle B DA. 


2. For the Perpendicular, it will be by Cæſe the 1/f. 


R: s BD: : s, B: s, D A. i. E. 
As the Radius, 


To the Sine of the Given Side B D. 
So is the Sine of the Angle at B, 
To the Sine of the Per ndicular. 


Laſtly, to find A D C, it will be by Cy the 1 27h. 


cs, DA:R::cs,LC: ADC that is 
| As the Co-Sine of the Perpendicular, 
To the Radius, 


Bo is the Co- Sine of the Angle Oppoſite to the Given Side, 
| To the Sine of the Angle ADC. 


i If the Fer. within Added to A DB, gives 
| | pendicular tall win werbe nn CDB, 7. E. i. 


8 
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Caſe VL 


a oy Angles and the Interjacent Side Given, to find the Oppoſite 
ngle. 


D * D.. 
Ex amp] e. : + is, 
* 74. to find the 4 \ | 4 
Ive 45 Lat C. | B A. C B we” A 


The Perpendicular D A being let fall from D, and Oppoſite to 
the Angle at B, it will be to find the Angle BDA, by Ca/e the 1475. 


R: cs, DB: zt, IB: ot, CB A. that is, 


As the Radius, 

To the Co- Sine of the Given Side DB. 

So is the Tangent of the Angle at B, 

To the Co-Tangent of the Angle B DA. | 


If the Perpendicular fall within, then B D A taken from B D C, 
leaves A D C; but if the Perpendicular fall without, then B DC 
taken from B D A, leaves A D C. 


2. For the Perpendicular D A, it will be by Caſe the 1/2. 


R:s, BD::s, LB: s DA. that is, 
As the Radius, | 
To the Sine of the Given Side B D. 
So is the Sine of the Angleat B, 


Io the Sine of the Perpendicular. 


3. For the Angle at C, it will be by Caſe the 67h. 
R: s, LADC:;:cs,DA:cs, LC. that is, 


As the Radius, 
To the Sine of the Angle A D C. 
So is the Co- Sine of the perpendicular A D, 
To the Sine of the Angle at C. Which 
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Which, if BDA be greater than DBC and the L B. Acute ſhall be 


Obruſe 
11 But if BDA be leſſer chan BDC and the L B, 5 bent 0 


Obtuſe 
ſhall be 10d 0 * 


Obtuſe 
* aſe VII. 


Two Angles and a Side Oppoſite to one of them, blog giren, to 
find the — — Side. 


Exampe. 


7 1 BHI oY. 
*, Given 5 BD to find B C. 
A CH 


PI Having let fall the Per- 
pendicular D A. 
1 the Triangle B A D, are given the Hypothenuſe B D, and the 
Angle at the Bale B, to find BA and D A. 


1. For DA the Perpendicular it will be by Caſe the 1 ſe. 
R: s, B D:: s, LB: s, D A. that i is, 


| As the Radius, 
| To the Sine of the Given Side B D. 
So is the Sine of the Angle at B, 
To the Sine of the Perpendicular DA. 
2. For the Baſe BA, it will be by C/e the 19h, 


R: cs, B:: t, BD: t, B A. that i 
As the Radius, , 0 J 


To the Co Sine of the Angle at B. 
So is the Tangent of the Side B D, 
To the Tangent of B A. 


La, 
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Laſtly, in the Triangle A DC, are given A D, and the Angle at C 
whence to find A C, it will be by Ca 5 the 34. An * z 


t, CC: t, AD: : R: s, AC. that is, 


As the Tangent of the Angle at C, 


To the Tangent of the Perpendicular A D. 
So is the Radius, 


To the Sine of A C. | | 
If the Per- Fwithin Added t ; ü 
rendicalar fall Yrithout{ ons © } Sub, from BA, gives BC. . e. i. 
Caſe VIII. 


Two 7 and the Interjacent Side, being given to find either of 
the other Oppoſite Sides. 


Example. 
88 | 
=. to fi 
Given } : De D __ B "IM 0 


1. to find B D A, it will be by Caſe the 14th. / 


| | R: cs, BD::t,LB:;ct, (BDA. . e. 
As the Radius, NR N 
To the Co- Sine of the Given Side. 
So is the Tangent of the Angle at B88. 
To the Co- Tangent of the Angle B D A. 
If che Perpendicular fall within, 
Then B DA taken from B D C, leaves A D C. 
If the Perpendicular fall Tus N 
Then B DC taken from B D A, leaves ADC. 


2. For the Perpendicular, it will be by Caſe the I. 
R 5, BD. :s, IB: s A D, i.e. 


Py 


ö 
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As the Radius 
To the Sine of the Given Side. 
So is the Sine of the Angle at B, 
To the Sine of the Perpendicular. 


3. In the Triangle A D e. having the Perpendicular DA, and the 
135 at D, it will be to find DC, by Caſe the 9th. | 


R: cs, ID: : ct, DA: ct, DC. that is, 
As the Radius, 
To the Co- Sine of the Angle CDA. 
So is the Co- Tangent of the Perpendicular Da 


To the Co- Tangent of D C, the Side * 
OR 


Caſe IX. 


6, Sides and the Conained Angle, given to find one of the 
Opp digs 1 4 COS re. I 
7A, _ Example, 


7 Wer . 
Fa HIS? B C Ch 


1. For BA, it will be u Gps the derb. 


R. 4 D: B. 
As the Radius, 22 wa 6B 5 e 


To the Co-Sine of the * ole at B. 


80 is the Tangent of B B, the Side Oppalite dd air to " 
To the Tangent of BA. a 


If the Perpendicular falls within the Triangle, 

Then B A taken from B C, leaves A C. 

But if the Perpendicular fall without, 

Then B C taken from B A, leaves A C. 3 
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2. To find the Perpendicular D A, it will be by Cofe the 1/7. 
Bs 4 „ BD: %. 8 D A. 

As the Radius, 
To the Sine of the Side Oppoſite to the 8 Sought. 
So is the Sine of the Given Angle, 
To the Sine of the Petpendicular D A. 

3. To find the Angle at C, by the help of D A and A C, it will 

be by Caſe the 6th. 
s CA: R:: t AD: t, CC. i. e. 


As the Sine of the Adjacent Side C A, 


To the Radius. 

So is the Tangent of the Perpendicular DA, 

To the Tangent of the Angle at C, g. e. i. . 
Leſs chan BC, the An- 5 Similar 1 

it BA bet Greater gie at C ſhall Ei to the Angle at B. 


Caſe X. 


Two Sides and the Contained Angle, given to find the other Side. 


i. For B A, is will be by Ceſc ths 10th. 
Rc AB gr, BD: t,BA, 1c 
To the Co- Sine of the Angle at B. 


30 is the Tangent of B D, 
To the * of BA. 


As the Radius, 


H h 2 If 
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If the Perpendicular fall within, 

Then BA taken from BC, leaves A C. 

If the Perpendicular fall withour, 
Then BC taken from BA, leaves A C. 


2. For the Perpendicular D A, it will be by Cs/e the 1/2: 
| Rs, BD::$LB: s, DA. i. 6. 
As the Radius, . 
To the Sine of the Given Side B D. 


| So is the Sine of the Angle at B, 
| To the Sine of the Perpendicular D A. 


24. For the Side DC, it will be by C, the 81h. 
R: s, AC:: cs, DA: cs, D C, i. 6. 
| | As- the Radius,), C2 <{ 888 

| To the Co- Sine of the Segment A C. | 

So is the Co-Sine of the Perpendicular D A, 

To the Co- Sine of the Side D C, g. c. i. 


| Similar to DA or the Lat Leſs 7 than a Ous- 
be Bim B, hen Be halbe Greater g dra 


In the Solution of theſe 10 Caſes of Oblique Angled Spherical 
Triangles, the Perpendicular has been all along Inveſtigated, as a 
| Neceſſary Ingredient to diſcover the thing Sought ; (which tho? it be 
| Efteem®d Unartificial, yet has ſome peculiar Advantages attending 
it) as is well known to thoſe who are Vers'd in Calculation) and is 
not only very eafie to be Underſtood, but Contributes very much to 
the better Underſtanding of the Method generally made uſe of ; for 
the finding the thing required, without ſeeking the Length of the 
Pexpendicular, which ſhall be ſhewn next; and to that end, the two 
following Lemmas are premiſed. | 


| | | 8 5 8 . 


1 
4 
ö 
ö 
| 
| 
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Lemma the If. 


If in two Sets of Proportionals, the two firſt Terms, or the firſt 


and third Terms in each be the ſame ; the others ſhall be direQly* 


Proportional. That is, + 


. In Numbers. 
If it be as 2 to 6, fois 3 to 9. 


And as 2 to 6, ſo is 4 to 12. 


Or, 
If it be as 2 to 3, ſois6 to 9. 


And as 2 to , ſo is 6 to 12. 


It ſhall be 3 : 9 : 4: 12. 


In Quantities. 


If it be a b e d. 
And as 2 b „: m n, 
Or, 

If it be a : c SF d. 
And as a: m:: b; n, 


It ſhall be c: d :: nen. 


Lemma the 2d. : 


If in two Sets of Proportionals, the two middle Terms in each be 


the ſame, the others will be reciprocally Proportional. 


In Numbers. 


H it be 12: 6:: 8: 
And as 24: 6 : : 8: 


It ſhall be 24: 12: 4: 2. 


In Quantities) 


If it be c: a2: 5 
And as : 32 22 3: 1. 


It ſhall be 1 7c ;:d:; 1. 


The 
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The Solution of the firſt Ten Caſes, without Seeking 
the Perpendicular. 


, e 


Two Angles and a Side Oppoſite to one of them, being given to 
find the other Oppoſite Side. 


| LB : 
Gi ten : to find D C. See the Fig. of Caſe the 1}, 
LC 


The Perpendicular D A, being common to the Triangles B A D 
and DA C, it will be, 


8, LB: R:: 8, D A: s, B 
8, LC: R: s, DA: s, D C. 


Wherefore by Lemma the 2d. becauſe the two middle Terms arc 
the ſame it will be. 185 | 


s, LC:s IB: :s, BD:s D C. i. e. 


As the Sine of the Angle at C. 

To the Sine of the Angle at B. 

So is the Sine of the Side B D, 

To the Sine of the Side D C, 2. e. 1. 


| 7 Again, in | 82 
n e een ads 


Where two Sides and an Angle Oppoſite to one of them, are give" 
to find the other Oppoſite Angle. . 


od 1 BD 
_...- Given 5 5 8 8 to find Lat C. See the Fig. of Caſe the 24: 

Becauſe B A is common to the Triangles BA D and BAC, it 
will be. 7 34 «DB: 


? 
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s, DB: R:: 5, B A: s, LD. 
s BC:K::%BA:s, LC. 


Whereby Lemma the 2d. becauſe the middle Terms in each are 
the ſame, it will be, | 
„ BC:s,BD::$l{Þ:,s, L C. that is, 


As the Sine of the Side B C, 

To the Sine of the Side B D. 

So is the Sine of the Angle at D, 

To the Sine of the Angle at C, g. e. i. 


Hence, and from the former Caſe it follows, 
That in all Spherical Triangles, the Sines of the Sides are to each 
other, as the Sines of their Oppoſite Angles and the contrary. 


Again, in 
Caſe III. 


Where two Sides and an Angle Oppoſite to one of them, are given 


to find the othet Side that remains. 
Having made the ſame Preparations as in Caſe the 34. and found 


the Baſe B A; becauſe the Perpendicular D A is common to both, 


it will be 5 
cs, DA:R::cs, BD: cs, B A. 
cs, DA: R:: es, DOC: es, CA. 


Now, becauſe the two firſt Terms in each are the ſame, it will 
be by Lemma the 1/f. 
cs, BD: es, BA::cs, DC cs, CA. 


As the Co-Sine of the Side B D, | 

To the Co-Sine of rhe Segment B A. 3 

So is the Co- Sine of the other Side D C, Ix : 

To the Co- Sine of the Segment C A, which being obtain'd, the Side 
B C may be found as in Ce the 3d. of Sed. the 47h. 

Hence it is, Thar the Co-Sines of the Baſes are duectly proportio- 
nal to the Co- Sines of the Hypothenuſes, and the contrary. 7 

gan, 
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Asad, in ; 
Caſe IV. 


Where two Sides aff an Ange Oppoſite to one of them, was 
given to find the Contained Angle. | 


B D 
Given 55 2 5 to find (D. See the Eg. in Pag. 225. 


Having let fall the Perpendicular D A, and found the Angl 
ADC, © will be, bs 
t, DC: R:: t. D A: cs, ADC. 
t, BD: R:: t, DA: cs, ADB. 


Now, becauſe the two middle Terms in each are tlie ſame, it 
will be by Lemma the 2d. | 


t, BD; t, DC cs, ADC: cs, ADB. that is, 


As the Tangent of the Side B D, 
To the Tangent of the Side DC. _. 
So is the Co- Sine of the Angle A D C, 
To the Co- Sine of the Angle A D B. by the help of which, the 
Angle B O C may be found, as in Caſe the 47h. of Se. the 47h. 


Hence it is, That the Tangents of the Sides or Hypothenuſes, are 
reciprocally proportional to the Co-Sines of the Angles at the Vertex, 
and the contrary. . | 
| And becauſe the Tangents and Co-Tangents of Arches are reci- 
procally proportional, it follows. | | 

That me Co-Tangents of the Sides or Hypothenuſes, are directly 
proportional to the Co-Sines of the Angles at the Vertex, and the 

"contrary. ; that is in the ſame Triangles. 
As the Co-Tangent DC, to the Co-Tangent of BD; ſo is the Co- 
Sine of ADC, to the Co-Sine of A D B, and the n, IN 
MY r e Ir e 8 ikewiſe 


e 7. 6 5. 


Likewiſe in 


Caſe V. 


Where two Angles and a Side — to one of them, vas given 
to find the — ingle, that is, 


Given 7 4 to find the (D. See the Figures in Pag. 226. 


The W ing let fall, and the Angle B A found as 
formerly, it will be to ADC. 


cs, DA: R:: cs, 4 B: s, B DA. 
c 5% DA: R: :cs, LC: Abc. 


Wherefore, becauſe the two firſt Terms in n each axe the 1 it 
will be by Lemma the 1. | 
wY 5 QG\ J 


rr gh cs, LC: ASA are, "A 


As the Co. Sine of the A: e at B. 
To the Co-Sine of the e at C. 
So is the Sine of the Angle BD A, 


To the Sine of the Angle AD Cty the help of which, the Angle 


BDC may be found, according 10 85 Methods already given in 
the 5th. Caſe. 


Hence it is, That the Co-Sines of the Angles at the Baſe, are di- 
rettly proportional to the Sines of the Angles at the | og and 
n that is 

e. £8.C:: 5, BOA: ADE. 


Aldo, in 


Luſe VI. 


Where two þ Angles and he Ince ide ure gre, to find che 
ocher Oppoſite Angle, that 1 bs 2 = 2 
$591.47 - 0 iven 
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LB 
Given 35 Doo find the Lat G era 6 


drawn a5 uſyal, end the Angles B D A and 


The * = being 
ADC Found, | it will be, 


Meeres DA: :: „ BDA:cs, DBC. 
T cs, DA: 8, CNA: 65, BED... 


PRI FR toro firſt Terms in each a. the Ge, it will be by - 
Lemms the 1/7. © Wi 


„ BDA :s, CDA: :cs, DB C:6, 800-0 is, 


As the Sine of the Angle B D A, 

To the Sine of the A rele CDA.. o BYE 

So is the Co-Sine of the Angle at B, 

To the Co-Yine of the Angle at C. g. c. i. To determine the Ni- 
ture of which, the ſame Laws muſt be made uſe of as is given in the 
* in Pag. 227. 

nd fince the A at the Vertex ate given; and one of the An- 

gs at the Baſe to find the other; the Proportion might have been 


educed immediately from the 2 of Fg Cafe, With- 
out any previous Inveſtigation. . -  - . 


Pare an; Caſe VII. . 


Two Angles and a Side O ee of hm, bin to 
find tho ee Side. 22 age 


| Fee thi Fewer Wlongfing to the 
Given Jane. 0 find B S . 7th Caſe; in Pag. 228. 


The Perpendicular being let fal, * the Baſe BA of the Triangle 
BAD, n it che | flang! 


t, BVR: 28 BA. 
tLCrR: CA. 


. nth by A de the 35 dre the middle Terms in each 


the fame; it Will be; 
t, LC: 545255 5 45, Cl that is, RT As 
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the Tangent of the Angle at C, ; 
10 the —— of the t fle at B. 
So is the Sine of the BaſeB K. | 
be eaſily 


To the Sine of the Baſe C A : Hence the fide ſought ma 
had; by the Directions given at the end of the 72h, wr in Pa. 229. 

ence it is, that the Sines of the Baſes are reciprocally propor 

tional to the Tangents of the Angles at the Baſe, and direftly-pro- 


portional to the as angents of the ſame Angles, * contrary. 
en 5 194 #. 0; olga, ab ti: ds! «i Lv 
- Cafe VIII. 


Where two Angles and the Interjacent Side was given, to find 
either of the Oppolite Sides, that is, *. 


| Gireng DE cofndD G 4% See the Figures belonging to C2/c 


Having tet fall the Perpendicular D A, and diſcovered the Angles 
3D ADA ſeperately, it will be for D C. "TI Angl 


* R: ct, DA: : cs, BDA : ct, BD. 
R : ct, D&: : CS, 450 DC. 


Becauſe the two firſt Terms in each Proportion are the ſame, it 


: . „ 


es BDA cp: b 


l 8 \ks "ey 
the Co-Sine of R E dem 891921 noise 
o the Co- Sine of AD . 
So is the Co- Tangent of BD, . | 
Io the Co- Tangent of 4. e. i, the nature of which may be 


eaſily known, by the. Rules given at tle-$nd of the 87h. Ce 
This proportion mig] ; deduced from the 
2d Corrallery of 7 el x een 
— 0 . - Ob 


Us 


, 
217 


- 
= 
_—_— 
o 


— 


—_— 5 - 
See the Fi eures of Caſe th 
Trotmtrte © en Et 7 
erpendicular being drawn, alſo B A and A C determin 


the 1 — 


91%.) 2c, BAtcs,AG:: es BD: cs, Oc. | As 
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Ca fe. IX. 


— two sides nd the Containel FE, to find one Wy 


in Caſe the 9th. it will be, 


8 BA: R „. LB. 
„ CA: R: DA: L 


* Ln 2d. 8, Ga 5 BA::t,LB: 1c. . 
As the Sine of the Baſe C A, 


To the Sine of the Baſe BA. 13 

So is the Tangent of the Angle at B35, 

To the Tangent of the Angle at C, g. e. i. ; the Nause which, 
* be — the Laws given at the end of the 97h. C 


might have been ee from a he Gro of 


: a . xX. 


Given two Sides 4 the Contained lte fo fink the other Side 
that m—_ 


1 S. 5 Tyo zes the Figure of the * 
Given { 54 find DC. Ge, . Page : 231; | 
The P reparation bein * as. uſt Jeg ; 
20 De it wi 1 


* 


40 4 
. 


eng *.* 18 855 e rr 
20 915 R: 5 DA: Arms re res D C: Nen 


; ma * fee e 2727 
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As the Co-Sine of the Baſe B A, 
| To the Co-Sine.of the Baſe CA. 
80 is the Co- Sine of the Side B D, 
To the Co- Sine of the S de DG 9. e. i. the Property of which, 
may he diſcovered by Caſe the 10th. 
' Wherefoxe, Cc. as was deduced from Caſe the 34 


[ might indeed, have omitted the firſt kind of Solationt, which 
were done by the help of the Perpendicular firſt found: Or at leaſt 
have placed theſe latter Methods, at the end of each of the 
dF pa ; but choſe rather to Explain them both, and keep them 
ſeparate, to the end the Reader might not only uſeiwbich Method 
would be moſt convenient for his Purpoſe, but be throughly 
uainted with this moſt uſeful-Part of nan 6 1 


n order to, give a Solution of the 13th C, (where the three 
Sides are given to find the Angles) it is ary to premiſe the 
following 


mma's ; Which altho' they are Natural * 
of the Sinical Proportion, Demonſtrated in the 1/?. Part, and there- 


fore 'requife- io previous Proof: Let ſince this Propoſition is of 
ſo great uſe in Aſtronomy and Navigation, I thall give a Synttietical 
Demonſtration of them, that ſo the Reader may have the "Whale: 
Proof of the Propaſſt ian before him in one vier. 


Lemma the II. —— ; 


Sine of the Supplemen 
The U Sine pid into. ATE the 


be the Vol 815 of its. « Sopplemen 
| 17 ie 75 * ine of 


mt 11 e 


nc but. becauſe 4 m is equal to twice & . dis 


eule twice c , Wherefore 
ab 247: A en. Orasab;cn.:con: om, therefore. 


tr HGH Kenn ng . e. d. 
a1; 46,4555 elt 1 Lemma the 2d. . 
ne Pence, &f the Verſed Sines of two Arches Multi plied in- 


to half the Radius, is equal to the Sine of half the Sum of thoſe 
- Arches, 2 hs, + Sine of half their Difference. Le: 


* 


Spherical Trigonometry. 
| — the Given Arcfles-be 4 b' 

| nd 
5 4 is 10 i Dee ws 


ine of half theit Diff 

5 45 Ute S e — <1 oh half 
their um: Alſo gm 1525 , equal 

| tothe Diflarcdce-of erſed Sines 
ee of the Arches band en 
Again, becauſe b m is parallel to 
44, and 48 parallel to ac, the 
Trias 2 and 4 c g are Similar, 
mer N ** it wil be ge: nes 71. 


And as 2 Saar ee 2 Where 
N e "x 4 8. * tg * 


meren. 


* V Oblique | Mngled. Spherica Tk 6 Rebanale, ar 
Produt of the 8 of any to Sides, is to the "of the 
Radius; as the Difference of the Verſed Sines of the Zum of the 

two Sides, and the Oppoſite Side to aro acke! the Sup- 
plement of the Contained Angle, 


1 * a+ 4 1 . 
, * : Ls "PI * —— q 2 
4 . 
_ F z 1 OY 
LA 


17 f 
255 (BO (i 
the Plain B Da) till the Point 
Po the Semicitcle, coicete 
With the Point Pof the Sector; 
„ then will the Arches P.BD 


> * bee Oblique An- 
Pp. Th rea. i# bas 


1 hag 77 95 
upon r w, fhi it in 
„ theg wil be the Verſed 
jp 0 * Fine Gr of the Angle DB P, and 
K W EDD, the Sup 


- E = 
. * 
* * > — 0 7 — 
713 we 1 


| , 
+5 * + t ar * 


—— — | 
9 * 
, 


* 3 —— — — 
* 


F. let 


ww ba 


lu. inn a ed Aa 


— — | 143 

drew Pe a Perpendicular to P D, and the Points 

Loh z then - 1s Ds due Verſed Line of the arch ©D, or Oppo - 
de de 2 


Ao dente de uke 25 and Py r ave Similar, kwill bs, 
mC:pqiimreipe' i 


ths, g e e er, M 
But "Cnr = Cr.*Alfo, PSY þcs =95, and p q the Radius. | 
Wherefore, mC: R:: Cr. 


Reduce e PE o the ſame Plain with BD, ſo thac both may make 
one Plain; and make B 1770 to B C. and let fall the Perpotdicu- 
lar oy and C x; then will O y be the Verſed Sine of Do, the differ- 
ence of two Conpeitint Sev Cand BD, and D the Verſed Sine. 
of their Sum, and conſequently = 2 the Difference of the Veſed 
Sines of the Sum of the two Sides, and. Side Oppaſite; and becauſe 
the Triangles mA rand 1 c are Similar, it will be, 


Da: Dy nn: 22 Z- tr. C. 


Merefare, DoD2 e Hulu Pas of 
But *z +7 n= Z u. ee and oc, 
the Radius. 8 PA 


Winds £08 "Wh gm "yg 
But ĩt was ptoved before, mQ!R- 40 OY 


Wherefore, Ba mCiRg:: Cr 2 U. era 25 
And conſequently D 2 x ”C: :Rg: „„ x 


But Da is the Sine of DB, one e of ha containing Sides, and m C 
og ee bred . 
the Subn o taini 88. Ft 

Verfed Sine of the Su . the Contained / "x 1 
W N e e x Was allaxiod... 
2 Again, | yy k " - f 
+ the' Theorcn: 8, BC ** 8, BD D:Rg: . mY 
ET of the two laſt Terms, by b ZR. or half N it” 
* N s pRT 41 *. a 


— 
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The product of che Sines of the two Se Sides, is to the 
Square of the 8 8 48 the Rect- Angle er Product of the Dieren 
of the Verſed Sines of the Sum of the ontaining Sides, and the Oppo- 
lite Side, into half the Radius, to the Ploduct of half the Radius, 
into the Verſed Sine of the Supplement of half the Contained Angle. 
But by Lemma the 2d. the difference of the Verſed Sines of two 
Arches, Multiplyed into half the Radius, is equal to the Sine of 


_— the Sum of thoſe Arches, into the Sine of half the Difference 
that ts, N 


2 
A1 © 


2n4 R=$,BctBD-+DG TI 
11 l f e £6: C. IP! Ty 


— 
- * . - 
+ . ” \ —_—_— . hes * * 


. 


Bede Le the 1 the Verſe Sine of the 8 of an 
Arch, i into ait the Radius, is equal to Sap Dee of the 
es 2 * 


f 
Co Sine of half that Arch, that is, 2. 'R = Angle B. 
; ; Wherefore, ; 


aBC45,BD:1 28 BTI pe CA 51 ve 8 cbt 


je D C-+::cs94LB.. 


That is, the Product of the Sines of the two Containing Sides, 
to the Square of the Radius, as the Product of the Sine of half. Ye | 
Sum of the three Sides, multiplyed into-the Sine of half the Sum of 


the three Sides, leſſen d by the Oppohre Side, to the Square of the 
Co Sine of halt the Contained Ange. A PE 89 & 0 


. Wherefore, 


The” Product ef the Sines of the Sum of the three « Ses and the 
three Sides leſſen'd by the Oppoſite Side, Divided by the Quotient of 
the Recl-Angle, of the Sines of the tio Containing Sides, Divided 


by the Radius, will produce a Sine; which multi yed by the Ra- 
* will give the Square of the Co-Sine of the Contained 
Angle. 


Hence we are raught how, as in Caſe the 11th. fromthe three Sides 
of an Oblique Angled Spherical Triangle,. to find any. of the Angles. 

For from halt the Zum of the three Sides, Subſtra the * 
Oppoſite to the Angle Kquired; and it will be, 


a FN TE 7 a 
* % a — = g . 
* . *= 
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As the Radi 


u 
To the Sine of one of the Sides, containing the Angle * | 
So is the Sine of the other containing Side, 
To a 4th Sine i 1 


As the 4th Sine, 

Is to the Sine of half che Sum of the 3 Sides. 

So is the Sine of the difference between half the eee, ws 
Sides, n the nee Side. 

' Toa | 

To w ich 175 Sine add the Radius, (If you Work ag 
sines) and half that Sum will be the Sine of che Complement of half 
* al le required. 

(as has been already y proved, in Sed. 2.) that the Angles 

ofa any ry Oblique Angled Sphericalꝶ conſtitute another Triangle, whoſe 


weste equal to the three? _— xcept that the great- 
eſt Side is the Supplement of the greateſt Angle, and; the greateſt 


Angle the Supplement of the 3 dies : We are * | 


how 1 1 * q 1 
. | * 5 * 
XII Caſe. e ee 
we hes: ln es are wh ied the Sides, viz. 700 218 
To che Angle Oppofite to the required Side, add the other two- 
From half their Sum, Subſtract the Angle Oppoſite to the Side 
ſought, and it will be, 
As the Radius, 
To the Sine of one of the Angles adjacent to the Side required. 
So is the Sine of the o a Lale 
To a 4th Sine. 
As this Ath Sine, 


To the Sine of f Balf the Sum of the — Angles. 
So is the Sine of the difference before found, 
= a 7th Sine. 


© Mich add the Radius, ( If you Work rificial Sines) 
— tal that Sum will be the Line ofiplcthent ail the Sjas 


Sh = SECT. 


* 
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ung fo wh Stereogra phical Problems 47 Natz. 
ally Flow from the Principles laid down in the 


e and may be of uſe in the Application 
1 fave Seflien to the Ae; 7 


PROBLEM * 15 855 


« >. 


N To find the Pole of any Projetled Great 1— 
| Of the Projefled Crelet, chere are 3 Sorts. 
2. The Primitive * irele, or Feriphery of the Plain. of Pro 
2. "Riehr Circles, or ſuch as. when Proſected, are repreſented by 


ſtreight Lines. 
3. 805 we Circles, or the reproſentarion of -_ great Circles as 


n 


\ 
ja 
[ 
1 

jl 
ow 
i 
all 


are not * to the Plain of ion ; Whieh Circles, 
| altho? they * become right Lines i gp wag Eng jeTtion, yet they 
| divide the Primitive Circle into equal Parts; and the Line Con. 
if nediing their lnterſeftions, paſſes through the Centes of the ſam. 
| Of each in order, 5 
I "Caſe. 
To find the Pole of the Primitive 2 rele, or rauen of the 
Plain of Projeftion. - | 
vine bahn,, e e 
1 the cant al che ins Outs 5, che 1 gth Propaſtion of 


Caſe 


eros 247 
Caſe II. 


To find the Pole of a Right Circle, or ſuch as in the Projection 
i a by a right Line. 
d be che e erer. 


len.” 
Croſs it with 2 Line at * An 


and the In of the Diameter. ay : — 2 
the Primitive Circle, will be the two Poles. bl — * bay 
Qr, j 


— 


e 


Set of 90 Degrees from either Extremity 
in the Part of the Plain of Projedion, 
and the Points ſo found, will be the "Poles 


Thus a and m e Poles of the Cir 
bd, and b and 2 12 of the EIT © 


" Caſe III. 


To find the Pole of an Oblique Circle, ſuch: as U n 4 


already proved, that the Poles ſhall be found in that 
70 ofted om A cuts the Line . Interſecti- 


'f the Obl:9ue Circle with the Primitive'at and are 
ees diſtant from the InterſeQion of the e Ciel with 
the ſatne Line, which Line we call mus. ed! 


"oy v1 FU, * 4 


' 3% . 
* 


A 


* Through b and 7, &< Int{zftion of the Oblique Girele with 
the Primitive Circle and Projected Axis, draw the Line b z o, cut- 


ting the Primitive Circle in o. 


ai off 2 De bath Was in the . nitipe, from o to t 
| 0 K k 2 . TINT Laſh, 


f 


MS. 


Laſtly, Through 5, and the Points laſt found, viz. r and x, dran 
the Lines h t, and þ x continuing thera if need be, till they cut the 


Projecled Axis a m in p and , which Interſections will be the 
Po les required. | | 
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Or, 

Set off the Semi-Tangents, of the Sum and Difference of 90 De. 
grees, and n c the neareſt Diſtance of the Oblique Circle, from the 
remoter Pole of Projection each way; that is, the Semi- Tangent 
of the Difference from the Center, the contrary way with the 


Oblique Circle, and the Semi-Tangent of the Sum, the ſame way with 
the Obligue Circle in the Projected Axis, and you have the Poles, 9. 4 


Tfhus 7 and g are the Poles of the Obque Circle b n d 


And fince, as has been Proved, the Poles of all ſmall Circles are 
the ſame with thoſe great Circles to which they are parallel, it will 
be eaſie from hence, to find the Poles of any finall Circle of what 
kind ſoever. SC Moan” - VU $10 3 Hs © HY x 


PROBLEM u. 


From any Point given, to lay down any Angle in the Projettior, 
This Problem admits of 3 Varietie s. 
ute! M Hott K ee bale on vhets ado 

1. When the Angular Point is in the Center of the Projellion. 
2. When the Angular Point is ſome were in the Periphery of the 
Plain of mins. 

3. When the Angular Point is neither in the Center, nor in the 

Periphery, but ſome were within the Plain. 


ö 0 ; Caſe L 
* A - I * 
. 0 , . * 
2 * 440 * * o þ , — 4 by „ # * 9 


13 þ 


= 
5 
? - 
* « 
* - 


19 
„40 


. e 9 


. | 5 Ol VIA S993 IS 

3 6 rn « TIT 41 4. 74 a ts ok " 1 1 | 
To lay down an Angle where the Angular Point is in the Center of 

me Frimitiwe Circie. 9 


8 1 So ation: 


S SS - & © 


Stireographicdl' PROBLEMS. 
44 Viki das d 03 mon e d enen + F 


LO EI SLES . 3. 
dann, 
- A ö ® 4 0 N * - 


From any point in the Periphery as a, ſet 
off the Degrees of the Angle to p, and draw 
the Lines c 4 and Dan the thing is done. 


Caſe 
If the Angular ] Point he: in a the 16-4 of the Plain of Projection, 

en l 

Solution. 


I. Through c the Center of the Primitive Ci rcle, and a the Point 
given, draw the Line a c d, meeting the Periphery in d. 

2. Take the Secant of the Given Angle to the Radius ca or "3 8 
between the Points of the Compaſſes, and ſetting one Foot in d. 
with the other deſcribe the little Arch 2; and with the fame opening 
of the Compaſles, ſeting one Foot in a, with the other croſs the 
former Arch in 7. 
3. With the ſame diſtance, ſetting one Foot of the Compaſſes in 


5 oY EL a e 


e N ws Cafe III. 


If the Ar2ular Point be not in the cubic x neither in \ihs Peri 
ry, but in fome other Point within the Circle, e, 


Solution. . 


I. Through the Point given , and W 
the Center of the Projection c, draw 4 1 
Diameter 4 c 0 d, and croſs it at right - 
n asbem. | ? 

Through n, and the given Point o, C| - 
2” the "__ 4, through its |” 


Interſection 3 with Periphery, draw 
© g, till it meet the Tangent in u. 
75 ang 3. Set 8 


ene 
Mane. 


259 3 PROBLEMS. 


n d n, from c to p, and draw p & paralle 
to in. 


4. Makliigo. p the Radius of a Line of Tangents, ſet off the I 
gent of the Complement of the Angle given from p to x; on which 
as a Center with the Diſtance x o, deſcribe the Circle r o s, and the 


* es nich is e aan _ Brod. 1. el . 


— **& 
Ss ww 2 * 3 * 


* eros LEM in 


Tr 


* 


To draw a ot Circle through any given Point, making with the 
TIE Circle any given Angle. 


Let the Point given * ?, and the Cir. 
cle to de deſen p b, making 
given Angle p bo with the Primitive 
Circle. 

ai Solution. 


7405 e 


ſetting one foot in c the Center 


of the de rn Du the 
Arch 9. 


2. With the Secant ef the ſame Avgle between the polnts of the 


Compalles, ſetting one Foqt in p the: Point given, with the other 
croſs the former Arch as yay! — 2 


3. With the ſame Diane between the points of 


ſetting one Foot in 2, with the other e ds * =_ 
the u is done. | | 


W p . 
* TTY ; 


—— 


* R Oo BL e w. N 


1 


* 


; To draw a great Circle paſng through s ar e Pains give in the 
5 N of — | 


1 a 
* \ 
0 


1 EY La | 
| Cale, : 


If one of the Points be i in the Cen 
ter, and the other in the Periphery 
28 4, or — the as r. 
then through c, and the Point given, 
draw the r TOI IER 4 


is done. 
Cale 115 


If neither of the Points f or g be in the Center. 
| Solution. 


* 


1. Through one of the Points as „ draw 2 . ar e n 


and croſs it at right Angles with the Diameter þ d. 


2. Joyn the Points 7 and 6, and draw b x a 1 55 : 
and continue it till it meet The Diameter: 4 3, 4 dic oh o r, 


3. Through the Points 7, 9 and 7, ſtrike a Caged 747 ur 191h 
Popeſtion of the 1f Fart, and-thething is . 


PROBLEM. v. 


[ — Te 07 * 


Through a Point given in a great - Circl t Sie ano 
Cie Which ll Cur ft at i Ts. 5 my 


Me, HA 


Thro the 8 of the Great Circle ven, 0 the rel m \ 
\ Toh te Foleof th Onan yo Fr | 7 


Caſe 


5, A 


Stercogrophical- P R O BLE MS 
Caſe I. 


If it be required to draw a Circle that 
ſhall paſs through any goon Point, as p or ö, 
and be TPO RPA n Gude” 

| Solution, 47 


Through the given point p or b, and the 
Center c, draw the Diameter b p c n, and the thing is done. 


Caſe g II. 


| a 


— — — — 


aA 
> 


_ \ — - 0 OR my 
= _—_— 7 2 


== 
— — — — 
— — 


If it be required to draw a Circle icular to a right Circle, 
[| which ſhall paſs through? its middle c, '6r the Center of the Primi- 
tive Circle. ? 


; 
1 


i 
| 
; 


Solution. 


Through e the Center draw the Line 4 d at right An 
to the right Circle * 25 Ns the thing is dene. 8 gles, 


e ice: 1553 8 Neid offs ; 


Caſe 1 11 71 * 1218 911. 


21 1 u. } ＋ N71 1 2 
If it be required to drawa Circle Pe one to ee Circle 
b m, and to pals _—_— ths Pour _—_ row out of the Cen ter, 


— —— - 
A 


— —— 7—ꝛñ̃— —— — 2 — 
1 


— FI 


— 


— —_— 
— 


K i 1990 bolT -P 


— 
— — 
- 


l CG EE. = 
-— — — — — _ 


1 


"Solan 


ren nl 518 2147 

1. Erofs the Diameter or or a Ci ven at aig 5 
with another Diameter, as 4 great ple given e e | 

2. Connekt the Points a and. H. by ya right Live. 

3. Biſect the Line @ p by the o u, * continue it till it meet 


the Diamiter þ n as in 2. mo 
On 1 'aSa Center, wich the 1 iftance 1 4 or '# „ deſcribe the | 
* Ae? Caſe 


_ -* - - — — L = 
— _ - — — — haw 
2 — — 


* 
b-m, 


4. 
Circle a p d, and che chin ing is done. 


Sereogrepbiral PROBLEMS. 
Caſe IV. 


To draw a _ Perpendicularto an Oblique Circle, and to puſh 
through a given Point, 

If the Point given be in the middle of the OhligurCir cle, as at m; 
then through it, and the Center of the Primitive Circle, draw 2 
right Circle or Diameter, and the thing is done. 

But if the Point given be not in the mid - 
dle as , but in ſome other part as g. 


Solution. 


1. Find the Pole of = given Oblique 


Circle, by Problem the 1 
2. Through the Pole ſt found, and the 


given Point 7, draw a great Circle by the 
44h Problem, and the thing is done. 


PROBLEM VI. 


From any Point given, to lay any Quantity of Degrees on 2 
Projected great Circle. 


. 
If it be on the Primitive Circle, ſet 


off the Degrees from a Line of Chords | 
in the Periphery from the Point given, 


W 2812200 | 
Caſe II. 


If it be required to lay of a certain — of * in 2 * 
Circle, from a given Foint. 1 TIS 
If the Point be in the Center. 


RNS . Solution. 
set off the Semi-T: 


angent of the given Arch; in che t Circle, 
Tom c the Center to o, „** — rgh 0 
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Or 1 a 
Set off the number of Degrees in the Primitiue Circle, from the 
other Pole of the right Circle, as from d to u, and draw the Ling 
a x1, the part co cut off in the given great Circle, between the 
Center c, and the Inter ſection o will be the part Sought, 


ll the Point given in the right Circle be not in the Center, but in 
ſome other Point as 0. | | 


Solution. 


To the Degrees anſwering to the Semi. Tangent of the Arch co, 
Add or Subſtract the Degrees given, according as the C2/e requires: 
That is, if it be required to be ſet off from o, towards ö, then 
the Semi-Tangent of the Sum muſt be ſet off from c towards ö, 
ag to 2 But if it be required to be ſet off towards the Center, that 
is, from o towards c, then the Semi- Tangent of the Difference ſet 
off from o towards c, will give the point Sought. | 

Bur if in this Caſe it ſo happen, that the given, exceed 
in number thoſe anſwering to the Arch c o. 


' © Solution. 


Then from the number of Degrees given, Subſtract the D 
anſwering to the Arch co, and ſet off the Semi-Tangent of the 
remainder from c towards m, as to p, and the Arch 6 p, will be 
that which was required. T or 

| Or thus, A 


From 2 one of the Poles of the right Circle, through c or o the 
Points given; lay a Ruler, apd obſerve where it cuts the Primitive 
Circle as in d or x. From oy. Polen. thus fonnd, d or x, as the 
Caſe requires, ſet off the number of the Degrees, either towards 0 
or n, that is to 2 or y; and mel the points laſt found to a, lay 
a Ruler, and where it cuts ithe right Cirele as in z and p, it gives 


the points Sought, | | OTE 


Ik it be zequired to lay off 1 bettain number o Degrses, in an 
e a eee e ee, 
2 * | 


- 
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Solution, 
1. Find the pole of the 03/3 oy Cirele, | Pn 1 
2. Lay a Ruler from the Pole laſt . over the 920 7, and 
obſerve where it cuts the Primitive Circle, as in n. 
3. Set off the number of Degrees from the Interſoctlon u, In the 
-rimitive Circle, 7 way as the Caſe directs, either to & or * i and 


draw the Line p 6 or p &, and the Arch S o or r. will be that 
that was required. 


PROBLEM vn. 


To meaſure any Portion of a Proj vielted Great cl. ö 
This Problem being no other than the revetſe of the former, wo 
ſhall make uſe of the former Figure, 


Caſe I 


If it be required ta meaſure any portion of the Primitive Circle, 
257 x, apply it to the Line rs any port and tho number of Degrees 


is given. "Gale I. 


lr it be * ta meaſure any ponion af a right Cine, as 4 K. 
Solution. 


1. Having found one of its Poles as a, by Problem the 1], lay 2 
Ruler over — * lame Pole, and the extremities z and p of the Arch 
you would meafure, and the Arch y cut off in the Primitive Cir- 
cle, is equal to the number of Degrees of the given Arch 5 which 
number of — of the Arch 1 , may be meaſured by the 


ft, WT Caſe Hl... 71 


x 4:4 Y 
I it be required to meaſure any portion 25 s "'# i: an Oblique 
Ci Ircle, a o d. 4 An a Obigu 


„ 


| 
} 
| 
| 


: * 
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Solution. 


1. Find the Pole of the 4 Circle, by Problem the 1ſt. 
2. A Ruler laid from the Polar point through the two Extremities 
of the Arch g 7, will give the Points # and x; the ſpace intercepted 
between them being meaſurd as in the 1/? Caſe of this Problen, 


will give. the quantity of the Arch, g. e. 1. 
1 PROBLEM Vm. 
To meaſure a Spherical Angle. 


To render this Problem the more Intelligible, it may not be amiſs to 
repeat the Definition of an Angle given in the ſecond Section, viz. 
That the meaſure of a. Spherical Angle, is equal to the Arch of 
a great Circle (of which the Angular Point is. the Pole) paſſing 
through the two Poles of thoſe great Circles which conſtitute the 
Angle, and intercepted between them. 


+4 n 
Hence, and from the Seventh Problem, follows 
Nan dx 10 013A | or * 
To General Rule, vin. 
If a Ruler be laid over from the Auαa r Point, through the two 
Poles of thoſe great Circles which conſtitute the Angle, the Arch 


cut off in the Primitrve Circle, is the meaſure of the Angle requi- 
red; which ſhall be IIluſtrated in all the Varieties: 


Caſe I. 


{1 


I it be required 


5 r 7 
TY v1 41 NN l 1 I: * 1 f | Pai 
to meaſure an Angle, when the, Angular Point 
#  SRF - Gu $1 4 18. ' F 


Solution. 


— 


Continue the Lines that form it (if need be) till they cut the Cit- 
—— and the Intercepted uch applyed to a Line of Chords, 


— % 2 g . _— 


— 
* 


1 


"OF. 
a 
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Cale II. 2 


If itbe required to meaſure an Angle, as 
1m a, when the Angular Point * the £5 


* Golution 


1. Find the Pole p, of the Oblique Cir- 
cle m a 9, and the Diſtance p c applied to 
2 Line of Semi- Tangents, will give the meaſure of the Angle 
required. _ | 


. From u the Angular Point, through p and c the Poles of the 
Circles m a g and mts 9 2, =O, and obſerve where it cuts 
the periphery of the Primitive Circle, as in g, and w. 

2. Apply the Diſtance 7 w, to a Line of Chords, and the number 
of Degrees that it meaſures, will be the quantity of the Angle. 


Caſe III. | 


PPP F ̃˙ ! IE Eb 
r _— 


—_— — — — 
2 2 N 
rr 


If the- Angular Point be within the Periphery, and not in the 
8 4, and it be required to determin the juſt quantity of 
e Angl - [1 $2770 OT | | 
1. Find the Poles p and x, of the two Circles 4g and. mar. 
conſtituting the e. 8255 


. 
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Cale I. 


If the Circle to be projected, be parallel to the Primitive Circle, 


Solution. 


With the Semi-Tangent of its Diſtance 
m from the Pole. of Projefion or Center; 

or the Semi-Tangent of the Complement 
of its diſtance from the great Circle to 
which it is — between the points of 


the Compaſſes, ſetting one Foot in the 
Center or A* c, with the other deſcribe the {mall Circle b g, and 


Weener Caſe II. 


If the ſmall CR dom, to be projected, be parallel to the right 
Circle ab. 


Solution. 
Y 

Having ſet off the diſtance of the parallel 

in the Primitive Circle, from 5 to m, or from 

4 to d, draw n a Tangent to the point 
mM; or make the Angle c n right, and the 
_ Interſetion 1, of the Line n u, with the 
Diameter; (which is at right Angles: to 
4 0) is the Center, and # m the Radius; 


by the I of von me: See may be 
1 


OR, 


eri, Wösl de Points of — 
mand d as before, with-the Tangent of the 


com ement of the ſmall Circles Diſtance from the right Circle to 
which it moſt be pany pep een the Pbihts of the — 
ſetting one Foot in , ſtrike a ſmall was at , then placing one 


Foot of the Compaſſes in 1. other, igt d. croſp the former Arch 
in u, which will be the Center — t; the Radius being the 
Diſtance between the Points of the Compaſſes. Or, 
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on 


from the right Circle to which it is parallel, in the Line c, from 
cto o; ſet off the Secant of the Complement of the ſame diſtance 
from c to x, which point x, will be the Center; and the Diſtance 
between the points found o and z, will be the Semi Diameter; 
by the help of which, the Circle may be Deſcribed. 


Or, 


Having ſet off the Semi-Tangent of the neareſt diſtance of the 
ſmall Circle from the Pole of Projedion, from c to o, it will give 
one Interſection of the Diameter; and the Semi-Tangent of the 
Complement of the ſame to 180 Degrees from the Center, the ſame 
way to p, will give the other extremity of the Diameter; the mid- 
dle of which, 2 will be the Center. 


Caſe III. 


To draw a Circle parallel to any Oblique Cirele given. 


1. Find the Pole of the Obligue Circle 
given. 
2. Set off the Semi-Tangent of the 
eateſt and leaſt Diſtances of the ſmall 
ucle on its Projeffed Axis, from the 
Center or Pole of Projedion; either on 
the ſame or contrary ſides as the Caſe di- 
refts : That is, from s to n, and from 
to o, and you have the two extremities 
of its Diamiter, the middle of which, 
vis. u, Will be the Center. ION 

It the diſtance of the ſmall Circle to be Deſcribed from its Pole, 


be leſs than the diftance between its Pole, and the Pole of Projection, 


then the Semi- Tangent of the Sum and Difference of the Diſtance oſ 
the two P and the ſmall Circles Diſtance from its Pole, ſet off 
on the ſame fide of the Center as the Pole is, will give the two 
extremities ef the ſmall Circles Diameter. But EO 
If the Diſtance of the.ſinglt Circle to be projected from its Pole, 
de more than the Diftance of the two Poles, viz. the Pole of — 
f jection, 


Having ſet off the Semi Tangent of the ſmall Circles diſtance - 


2 4 — — 4 Sa 
— — — —— — ——— 22 
IJ | 
_———— 


. 
— — . — III ER 
- - 3 cans 
2 * 
— * 


che Arch d aj is the meaſure of che given Arch a 6. 


3 
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eſtion, and the Pole of the Ohligue Circle, then the Semi- Tangent 
of the Sum of the two Poles D ſtance, and the ſamll Circles Diſtance, 
Let off on the ſame fide of the Center as the Pole is of, will give one 
Interſection; and the Semi-Tangent of the exceſs of the ſmall 
Circles Diftance from its proper Pole, above the Diſtance of the 
two Poles, fer off in the Projefed Axis, on the contrary tide of the 
Center with the Pole, will give the other Interſettion of the ſmall 
Circle, the middle between which two Iaterſections, will be 
the Center. 
Or, 


1. Having found the Pole of the Cir. 
cle given, v:z. p, through it ſtrike a 
great Circle, as @ p c, at right Angles to 
the former. 

2. Set off the diſtance of the parallel 
to be projected, from d to r, and lay a 
Ruler over #2 and the point , and ob- 
ſerve where it cuts the great Circle apc, 


as in g. i | 

3. 33 o the Center of the Circle 
2 pc, to q the point laſt found, draw 
the right Line o 9, and make the Angle 
9 9, a right Angle. 

On u as a Center with the Radius g 7, deſcribe a ſmall Circle, 
and the thing is done. | | | 

PROBLEM X 


any Portion or Segment of a ſmall Circle, when 
Caſe I. 


If the ſmall Circle given, be parallel to 
the Primitive Circle, as f 
Frome the Center of the Primitive Circle, 

 _ through the two Extremities of the given 
Arch à and 6, draw. the right Lines c 4 and 
C., cutting the Primitive Circle in d and &, 


By 


To meaſure 
projected. 
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By the inverſe Method, may any Number of Degrees be 
laid down upon any ſmall Circle parallel to the Primitive Cireles 
from any point given. or An St it vi 


> ad, ZAGAT » 1 . 1 
r 
: 89 1 


To meaſure any part or portion of a ſmall Circle, parallel to any 

1. Conſider the diſtance of the c | 
ſmall Circle given from d its Pole, 
and deſcribe a ſmall: Circle "1 #8 
as far diſtant from the under Pole of 
projection. 4 

2. From d through the two Extre- + 
mities ZE and v, of the Arch z v5! 
to be meaſured, draw the Lines d 4? 
d v, and continue them till they in- 
terſedt the parallel e woah ei: 10 Nee 

r, 1151 

From a through 2 and v, the two Extremities of the 
draw the right Lines a2 and av to x and 9. 

3. Meaſure the Arches y x or 7 t, according to the Directions 
given in the 1/ Caſe, and 'you hive the Meaſure of the given 
Arch Z v. „ LY 0 | f 

By che - Inverſe method, may any Number of Degtees be 
hiq off; in any Circle parallel to 4 Projefted right Circle from any 


point given. | "#0 
Caſe III. = ai 


To meaſure any part or portion of a ſmall Circle, parallel to any 
Obligue Circle given. ©3314 
1. As in the former Caſe, ſo in this, 
confidep che Diſtance of. the ſmall Circle, 
4 part of which is to bene | a ) 
from either of its Poles; and deſcribe a 
imall Circle parallel to the Primitive 
Circle, as fir diſtant from the under Pble. 

2. Lay A Ruler over the Pole p, and 
the Extfemities of the Arch of the Jmall 
Circle z 4; and obſerve where it cuts the 
Parallel Circle laſt drawn, in x and 9. 


þ 
a,4 


TY "YT 
Arch > v, 


__ — 
=. 38.4.> IE a I — 


= — — — —— — 2 — LC IE 2 . r ͤ r 
2 - — a =— s <a - 4 oy \ a 
— + 2 — - Co 
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Find the Quanti n Caſe th f 
Problem. and the thing * 8 oo v Stem 
By the Inverſe- method » Yoon of Degrees he 
laid off in any ſmall * Fe to an Oblique Cirele from a 


given point, 
The —- Caſes of this Problem, may be reſolved by this one 


Through the e Pole of the ſmall Circle given, and the two Extre. 
mities of the Arch to be meaſured, ſtrike two great Circles, and the 
Angle contain d between them, will be the meaſure of the Arch 
given; the Quantity of which Angle, may be diſcovered by the 


8th P roblemt, N 6 
And hence we are tought univerſally to divide 15 y Given Parallel 
into any Number of Parts, equal or „ 28 be deſired. 


In the So/utions given · to the ſev 


Caſes of tleſe Problems, 
1 have not referx d to A end Pr 


/itiens or Corollarys upon which 


they "immedi . z iuce he that is but moderately acquainted 
with the ion of this "ny will find it no difficult Task to 
do it hi | 
5 E 0 T 1 VI. 
Containin — the Stereographic Projections of the 
Caſes of sf Nh Angled Spheri [Thi 


angles. 
PROBLEM I. 


Caſes 6. 8. 


Given the two Sid to find the 
10 miſe and Angles. , po- 


Example. 
In the Triangle ABC, are 


Cu 85 Terug: Ac 8 


1. Deſcribe 


| 


* 


10 9 Primitive Circle RCB Q, and draw the Dla 
meter | 
Fog *＋ el e late one of the Poles of the Cirele R B. dy Prob. 
e laſt Setlion, by the help of It, ſet off the Complement 
. AB, 200 8 to A. 
3. Set off the Number of Degrees of B C, in he Fanny of the 
14 Circle, from B to C. 
4. Through the Points C and. A, ſtrike the Arch of 2 great Circle 


by Prob. the 4th, of Sec. the 5th, and the thing * done; and 


ABCis the Trian gle ſought. 
The Triangle being thus Deſcrib'd, the Angles may be Meaſur d 
Prob. the 8th, and che Hypothenuſe by Prob. the Jah, of Seck. 


is gth, 
PROBLEM Il. 
Caſes 1. 10, I4- 


and one of the A les re, to find the 
r- * being & 3. 9 


Example. 
In the Triangle A 3 2 are 


Given FAC 


Through the Point ©, (taken at 
dealt) ſtrike the Arch of a great Cir- 1 
de as C A, making an Angle With the Primitive Circle, equal to 
the Given Angle Prob. the 2d. ane find its Pole O, 5 Fol. the 
1ſt, of Sect. the 2 
2. By the help of the Pole o, lay off the Number of Degrees 
of che Hypothenuſe in the great Circle laſt Deſcribed from C 407A, 
accord ing to the Directions iven in Prob. the 6th. 
3. Through the Center of the Primitive Circle S, and the Fxure- 
mity A, of the Arch cut off, draw a Diameter W. - great Cacle as 
RAB, and che thing is done; and the Sides AB a may be 


AB 
YE) 2563 A 
BC 


BC, ma 
Meaſur'd by Prob. the 7th, and the Angle at A, by Prob. the Wb, 


of Sed. the 5th. m 2 
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1 aner PROBLEMS. 


of * pa o) ; N I 1 
— x : 


91 
0 


Leit If inſtead of the Angle at C, the Angle 
at A had been given, as in Uſe the 
ee, iE. Damen 
14 | J 41 , 
:  Exaniple. - COON? 


Siren 14 Sete reſt, 


wt Through the Point »w (taken at 


' Pleaſure) draw the: Arch of a great Circle 
4 N. equal to the Hypothenuſe given; no making with the 


Primitive Circle an Angle equal to the Angle A, by Prob. the 1, 
and Prob. the 6th of Sed: the 5 hb. 


2. Through N and the Center of the Primitive Circle S, draw 

— eat 15 RG § R, by Prob, the 71h; and Þ = its Poles ( 
rob. t 

mw 1 a Ruler from I to N. to Interſect the "Primitive Circle 

in C,, pul from O to u, to Interſect the great Cirele R B in A. 

4. Through the Points © and A, ſtrike the Arch of the grea 

cirile, and the thing is done; and A 8 C will be * Ae ſought, 


4 <>E EV OBL E M Ill. 

2. * 1 4 - 

F .% ” \ 
T: 2 4 2. ” 11 

„ 

| Ales and weide Ls, being given to find the 

xerogining 1 of the n | 
2 lips oc f 4 ges Exanple, 


"Ih the e Trang A BC, ale 


mente, „ Through the Cuder of the Pri 
„rr r 1 A. bee W 8, 00” iy Diameter 
Eo AY wW A4A ICS RAB. 

| 6 ; 


/ 


rr — —— P——  —————— — _ 
ET, : 
„ 
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Set off the Side BC, in the Primitive Cirele, from B to C. 

4 Through C draw a great Circle, 1 0.99 with the Primitive Cir- 
cle an Angle equal to the given eh by' Prob. the 1 ft. of Sell. the 
5th, and C 5 A will be the Triangle req ka *1 | 

The Quantity of the Sides A 5 ad A C ma de determin'd by 
Prob. the 7th, and the Angle B AG, by Prob. the 8th, of the 
laſt Section. 

If inſtea&: of the Angle ©; he Angle at bad been given, as in 
cgſe the ad and 90h, Where ar ö 


chen 15 / Fel to find o_ rel. 


1. Havin drawn 8 Diaberer R B. 
g off the Complement of A B, froth . 
to A, by Prob. the 6th of the laſt Sefton 


2. Through A, draw. the Arch of a 2 
great Circle, making with the great Cirr. 
cle R B an Angle, equal to the Angle A, by Prob. 2. of Sed. . 
and the thing is done à and the r uired Parts of the i AB C, 
6 by Prob the 716 hah 8th of 


wart IN ron 


I: n en 


— * 9 
* 


- ls e H aſe 


4 2 i 1015392 7 all Wo 91 Ex 


\ il A1 19 517 
One Car d A : ngle b 
parts 0 f the Triangle. F 0 . 


n A 
In the Triangle A B 0 pk 


'B CA Bank 
Given 27 to And 3; 13 
BY 29big nb > br 


1.140 AT, 


& 
A 


Benno o 119 118 UK 2 — 1 ; 
*: 1.Throughinis Gehtte Er the Prim 12h r an > 
tive Circle, draw the great Circle RSAB, © , HD Gln 


and find the Poles o and t, by Prob, I. of Se#, 2. 2. Seti 


— n 3 = 


2 Su <=. 
— aide - LF, - 


—— — * — 2 
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2, Bet off tha given Side B C, in the Periphery of the Primitivg 


Circle | 
wy a 7 — over the pole 7, and the point C, and obſerye 
—_— it cuts the Diameter R B as in Q. 
4. On the Center $, with the Radius 5 Q, deſcribe the ſmall 
_ Circke QN. 
5s By Prob. 2. of Se. 5. make the N RN, equal to the 
* Angle; and through the Interſection N, of the great Circle 
10 = with the ſmall Circle before drawu, draw the Diame- 
NSM. 


| yr A Ruler laid over the Pole o and the point m. will cut the 

Diameter in A, through which, and the Point C; if a great Circle 

be deſcribed, — to Prob. 4. of Se. 5.) the thing is done, 

and A B C is the Triangle req . z the Hypothenuſe and other fide 

of which, may be Seil by Prob. the 7th, 1 the Angle at 0 
by Prob. the 8th of the former Section. 


If the Angle at Cand AB ket gies if 


MIME 4b þ Prob. the 91b of the former 
$a Sefion, Vlelcribe the imall Circle S A, at 
the diſtance of A.B from the Primitive 
Crele. 

1. At ſome Point as C, (taken at plex- 
ſure) make the Angle B C A, equal to 

' the given Angle. 
3. 3; Throug $5 Beeten A draw 
the Diameter and A B C will be the 
' Triangle fought : The Side, Hypothenuſe and Angle at C may be 

meaſur d boy the 7th and 8th Ay {ms of Setfion the 5th, 


Non v. 


"The Hy pothenale and one wy 160 8 Sides bene a to donſtruct 
And determin the been Gl ale oller Side, and the 


the Tria 
e's ot the "0 AZ 2: K rd berg off! want 


a 1 — * 4 — 


2 pp po at _ 


1 


a> £@a_ 2 
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| Example. a 
in the Triangle ABC, are 


1. Having Deſcribed the Primitive Circle, and drawn the Diane. 
tet R B; ſer oft the Side C B from B ro C: 5 ' 


2. About C as a Pole, at the diſtance of C A, deſeribe the r. rd. 
lel n u, by Prob. the 9th of the former Seclion. 2 
2. Through the Interſection A, and the "1 %- before found c. 
ſtrike a great Circle as C A, and the Triangle ARC, will be thar 
which was required; the Side A B of which, may de meaſured 
1 the 77 . > and the > qt A and C, 50 $9 the 1 * the 

elkian. 7 


IF in the room of C B, the Side AB had been give. 


E * we Point G * at 
25 4 pole, deſcribe the ſmall 
a the diſtance of A C the Hypo 
by Prob, the 9th, of Szf. the 10th. 


NR, About he You: 4 * Pole, 7 3 8 
e e di 


3. Through the Interſection A, and the Canter 24 le the 


Diameter RB; alſo through the ſame Interſection A, and the point 


C, ſtrike the Arch of a 
Eger hn and A 
C Bof whi 
atCand A, 


eat Circle as CA, by Prob. the 4th of the 
C will be the required Triangle ; the Side 
may be meaſur?d by Prob. the 7th, and the Angles 
the 8th of the former Section. 

PROBLEM 
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289 ber graphical; NO Lx NS 
— PROBLEM BARE 


> \ Caſe 15. 


ing given Lirik er the Tria az and determi 
e Hypothenuſe an 1 157 FI wa 
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SECT. VL 


Containing the Stereographic Projection of the 12 
Caſes of Oblique Angled Spherical Triangles. 


PROBLEM I. 


Caſes 1. 5, 7. 


Two Angles and a Side oppoſite to one of them, being given t 
fnd the other Angle and the two Sides —@ f&* 8684 10 


| Example. 
In the Triangle BDC, ate 


LB «OC 
©" Given 55 DE required 4 L 
LC) : CBC 


1. At any Point as B, (taken at pleaſure) in the Primitive Circle, 
form an Angle equal to the given Angle B, by Prob. 2. of Sef. 5. 


2. Find the Pole of rhe great Circle RD B, and by the help of 
it cnt off the Arch B D, equal to the given Side B D, by Prob. 6. 
of Sect. the b. 1 2 
3. With the Tangent of the Angle C, between the Points of the 
Compaſſes, ſetting one Foot in S, ſweep the little Arch Q; and 
with the Secant of the ſame Angle, ſetting one Foot in D, croſs 
the former Arch in Q. | SORTED 
N n 4. On 
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4. On Q as a Center, with the fame Extent of the Com 
ſveep the Arch of the great Circle D C, and the thing is da 
and D C B is the Trlangle requlre. | 


The Sides D C and BC, may be meofured by Prob. the / 
Sed. the 300, and the Angle at D by Prob, 8. of the ſame 5 5 


PROBLEM IL 


Caſes 2. 3. 4» 


Two Sides and an Angle oppoſite to one of them, being given tg 
find the other parts of the Triangle. N _ FY 
| : Example. 


In the Triangle D CB, are 


CD LD 
Given 9 £ BY required Dn 
BC Cc 


1. On the Primitive Circle, from any Point as B, ſet off the num 
ber of Degrees of B C, from B to C. 


2. By the help of the ſecond Problem of Section the 51h, forman 
Angle at the Point B, equal to the given Angle B. 


* About the Point C as a Pole, draw a parallel or ſmall Circle 
at the diſtance of DC, by the help of Prob. the g2b, of Sed. the 51þ. 


4. Through the InterſeQion D, of the Parallel laſt drawn, with 
the great Circle D B, and the Point C in the Primitive Circle; draw 
the Arch of a great Circle, and the Triangle D C B, is that that 

was required; and its unknown Side may be meaſured by Prob. the 
2 Seck. the 5th, and its Angles by Problem the 8th of ths 
lame Section. wk 7 11 


SSA 


Stereographical PROBLEMS, 271 


N. B. If the ſmall Circle cut the great Circle D B, in more 
places than one, as it will do in all Cet except one it ſhews the 
Queſtion is capable of more than one Anſwer. And if through the 
two Interſeftions D, D, and the Point C, two t Circles 
zro ſtrook, they will determine the ſeveral Values of the things 


ſought, 


"PROBLEM ll 


Caſes 6. 8. 


Two Angles and the contained Side, being given to find the other 
parts of the Triangle. \./ 


Example. 
In the Triangle CBD, are 


_ 2518 
ven n 
| 15S * 55 65 


1. At any Point as B, (taken at pleaſure) in the Primitive Circle 
form an Angle equal to the given Angle B, by Problem the 2d, of 
Sedion the 3p u. | we 


2. By Problem the &th of the ſame Section, lay off the number of 
Degrees of B D in the great Circle B D, from B to D. 3 


3. At the Point B, form an Angle equal in quantity to the given 
Angle D; by drawing the great Circle D C, and the thing is done; 
and the Sides D C and B C, may be meaſured by Problem the 7th, 
and the Angle at C, by Problem the 8b. 


This Problem might with as much eaſe have been Conſtructed, 
{B C had been given in the room of B D, and the Angle at C, in 
the room of D. | NV 

Nn 2 p R OB. 
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PROBLEM. W. 


— 


T uo Sides and the contained A le, being given to find the othe: 
Angles, and the third Side. 8 oth 


Example. 
In the Triangle B D C, are 


| BC3 „. 
Given S L BCrequired FH 
& B D) LC 


r. By the help of 3 Line of Chords, ſet ofthe lenghr of BC 
from (any Point at pleaſure as) B to C. 


2. At the Point B, form an Angle equal to the iven Angle B, 
by Prob. 2 of Set 5. : 4 ous Ang 


3. Lay off the Number of 
B p. Fromm B to D; by Prob. Pap 


ees of B D, in the great Circle 
of Seck. 5. D, An 


. the Points D and C, draw the Arch of a great Circle, 
38 5 C, by Prob. 4. of Seck. 5, and the thing is done; and the An- 
les and Side required, may be meaſured by the 7th and 8th Pro 
. of Selion the tb. N ; 


"PROBLEM V. © 
6: _ Caſe 11, 


The three Sides given to find the Angles, 


a+ 3» I 


Examfle 


0 
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up. e ee 
In the Triangle BD C, are 


1 LD 
Given JB DE required 3 88 t 


1. Set off the Number of Degrees of B 2 
in the Primitive Circle, from B to C, by 
Prob. 9, of Secf. 5. ; Ws, 

2. About y PoinrBas a Pole, deſcribe y Small Circle C at Dist of BD. 


3. About the Point Cas a Pole, deſcribe the ſmall Circle u, at 
the diſtance of D C, by Prob. 9, of Sef. 5. 


4. Through the Interſection D of the ſmall Circles, and the 
Points Cand B, ſtrike two Arches of great Circles, as DC and DB, by 
Prob. the 4th, of Sed. the 5th. and the thing is done; and the An- 
gles at D, C, and B, may be meaſured by Prob. the 8th, of the 
lame Section. | 7 5 


PROBLEM VI. 


. Caſe 12: 


The three Angles being given to find the three Sides. 
oy Example, 
in the Triangle B D C, are ma 
B DC * | 
Given Co required < B 58 | 
| LD CB 


1. Set off the Semi- Tangent of the —_—_— of the greateſt 
Angle C, from m the Center or Pole of the Primitive Circle, in the 
great Circle to 0. 


* 
* 2. With 
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2. With the Seml- Tangent of the Angle B, between tho Points of 
os 8 — ſetting one Foot in , With the other ſweep a ſmall 

\rch atm, OT | 

3. About the Point o as a Pole, defcribe the Arch of a Parallel 
as u, at a diſtance equal to the Number of ces of the An. 
gle D, by Prob, the 9b, of the 3th Section; and obſerve werg it 
cuts the Arch of the Parallel before drawn, as in 9. 

4. Abont the Points # and e as rom, deſcribe the great Circles 
D B and PO the reverſe of the 2d Problem of the 3th Sefion, 


and the ching is done; and the Sides of the Triangle D CB, may be 
meaſured by tho 710 Þ hs 


roblem of the yth Secfion. 


PAR - Xe W. 


Containing the Application of the Projecti- 
on of the SPHERE, and Doctrine 
of Spherical Triangles ; to the Solu- 
tion of ſuch Aſtronomical Problems, 
aareuſefulin NAVIGATION. 


— — 


"FSC: þ 


Aſtronomical Definitions. 


1. \H E Axis is that imaginary Line, about which the 
World ſeems to turn its two Extremities, are 
call'd the Poles ; the Uppermoſt or Viſible to us, 
the Northern Pole; the Lower or Inviſible to us, 
the Southern Pole. 

2. The n or Eguator, is that great Circle which is way 
equally di from the Poles, and conſequently divides the World 
into equal Parts: It is ſo called, becauſe when ever the Sun is in 
this Circle, the Days and Nights a are of an equal Length to all the 
Inhabitants of the Earth. 

3. n 
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3. Meridians or Hour-Circles, are thoſe imaginary t Circles, 
which interſeQt each other in the Poles of the World, and eut the 
Equinottial at Right Angles. x 

4: The Ecliptich, is a great Circle interſecting the Eguator in 
two oppoſite Points, and forming an Angle with it, equal to the 
Suns greateſt Declination; (which by the moſt Accurate Obſerva. 
tions of the Ingenious Mr. Flamſtzed, is found to be 23*, 29) and 
is that Circle which the Sun is ſuppoſed to deſcribe by his Annual 
motion round the Earth, (according to the Syſtem of Prolomy.) 

This Circle is uſually divided into 12 equal parts, call'd Signs, 
own conſequently each Sign muſt contain 30 Degrees) beginning 
from the interſection of the Eguator, and number'd as follows. 

Y 8 3 S. N Wn 

Aries. Taurus. Gemini. Cancer. Leo, Virgo 


* 


= m F = * 
Libra. Scorpio. Sagittarius. Caprifornus. Aquarius. Piſces, 


The firſt fix of theſe are called the Northern Signs, and poſſeſs 
that half of the Eclipticꝶ which is to the Northard of the Equator ; 
beginning at the firſt Point of Aries, and ending with the laſt Point 
of Virgs. — — — —— —— ——_—_ — — —— — 

The latter fix are called the Southern Signs, becauſe they poſſeſs 
the Southern half of the Eclipt ich, beginning at the firſt Point of 
Libra, and end ing with the laſt Point of Piſces. © 

5. Circles of Longitude in the Heavens, are thoſe great Circles 
which are immagined to paſs through, and .conſequently interſett 
each other in the Poles of the Ec/rgric&y and cut the Ecliptick at 
right Angles, as the Meridians do the Equator. | ? 

6. Of rhe Meridians, that which paſſes through the interſection 
of the Ecliptick and Eguinoctial, is called the Equinottial Colure. 

7. And that which cuts this at right Angles, and paſſes through 
the Points of Cancer and Capricorn, is called the Solſtitial Colure. 

8. The Horizon is à Circle encompaſſing the Earth, and dividing 
it into equal parts; it is ſo called, as being the Terminator or 
Boundary, between the Illuminated part of the Hemiſphere = 

TY a 


* 
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the Luminated: And when ever the Sun, Moon or Stars, arrive at 
this Circle, — are then ſaid to Riſe or Set. It is variable in different 
Latitudes, and has its Poles. N Mil 

9. Its Uppermoſt or Viſible. Pole, vis. the Point in the Heavens 
direckly over our Heads, is called the Zenith, © 

10. The Lowermoſt or Inviſible, viz. the Point directly under 
our Feet, is called the Nadir. | IN 

11. Vertical or Azimuth Circles, are thoſe great Circles which 
interſect each other in the Zenith and Nadir, and cut the Horizon 


at right Angles; as the Meridians do the Equator, and the Circles 
of Longitude the Eclipticł. 


12. Of the Vertical or Azimuth Circles, that which paſſes through 
the Poles of the World, is called the Meridian of the place for 
this reaſon, that when the Sun arrives at it, it is then M:d-Day or 
High-Noon ; and when ever the Moon, Stars or other Planets, are 
under it, they are then at the higheſt they can poſſibly be in that 
— 2 the Earth; and conſequently after that time, cantinually 
Deſcend. 5 | 


13. The Prime Verticah or Circle of Eaſt and Weft, is that Ver- 
tical Circle which cuts the Meridian at right Angles. bt 
14. Of the Meridian, or Hour-Circler, (Explain'd in Def. 3.) 
that which cuts the Meridian, (Deſcrib'd in Def. 12.) at right 
Angles, is called the Six 4 Clock- Hour- Circle; becauſe when the 
Sun, Moon or Stars, are under this Circle, they have been fix Hours 
abſent from, or want fix Hours of arriving at the Meridian. Go 
15; All ſmall Circles parallel to the Equator, are called Parallels 
of Derlination, when they are uſed with reſpect to the Sun, Moon 
or Stars; but Parallels of Latitude, when uſed with reſpect to the 
places on the Earth. Of theſe | 
16. That which is diſtant from the Equator, by the ſpace of 
23*, 29 towards the North, and which of conſequence 22 
the Eclipticꝶ in the firſt Point of Cancer, and which is the Parallel 
of the Suns Diurnal Courſe when he is in that Point of the 
Eclipticꝶ, is call'd the Tropic of Cancer. 8 0 
17. That which is diſtant from the Eguator 23, 29 towards the 
South Pole, and which therefore muſt touch the Ecliptick in the 
firſt point of Capricorn, and become the Parallel of the Suns 
Diurnal Courſe, when he is converſant in that Point, is called the 
Tropic of Capricorn. | 
O o 18. That 


* 


E mn 
4 . * * * Ty 
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18. That ſmall Circle which is diſtant from the North Pole, 
the ſpace of 230, 29 is call'd the Ar1ic Circle; and to any of $02 
Inhabitants whoſe Zenith falls within this Circle, the Sun is not 

ſeen when he is in the Tropic ef Capricorn before Deſcribed. - 

19. That ſmall Circle which is as far diſtant from the Southern 
Pole, as -the Artic Circle is from the Northern; is called the 
Antartick Circle. And to all thoſe Inhabitants (if any there be) 
whoſe Zenith falls between this Circle and the South Pole, the 
2 never Exhibits himſelf when he is in the firſt Point of 
* Cancer. i” 5 d 49; | \ 07 a F 

20. All ſmall Circles parallel to the Ec/zprick, are called Para.. 
lels of Latitude, with regard to the Fixed Stars and Planets , as 
determining the diſtance of any of them from the Echprick. 

21. All ſmall Circles parallel to the Horizon, are called Almi. 
canthers, or i . Lotityde ;, as ſhewing how far the Sun, 
Moon or Stars, are diſtant from the Horizon. 
22. Longitude of any Place upon the Earth, is an Arch of the 
Eguinoclial, intercepted between the firft Meridian, and the Meridian 
aſſing through the place propoſed. Or, it is equal to the Angle 
| pang by the firft Meridian, and the Meridian paſſing through the 

ACE given. | in er 

f 2 z. The Latitude of any Place is an Arch of the Meridian, 


224. The Right Aſcenſion of the Sun, Moon, or any Star, is 
Arch of the Eguinodtial, intercepted between the Point of 
'Aries, and the Interſection of the Meridian paſſing through the 
Sun or Star; and is the ſame with the Angle formed by the Equinoia/ 
Oolure, and the Meridian paſhng through the Sun and Moon. 
Its ſo called, becauſe it is the Point of the Eguinoſtial, which riſeth 
with the Sun or any Star (ina right Sphere) or ſuch a Sphere where 
the Poles lye in the Horizon,) and conſequently is the ſame Point 
that paſſes the Meridian with either of them, 

25. Fhe Dechination of the Sun, Moon, or Star, is an Arch 
of the Meridian, paſſing the Sun, or any Star; 
and intercepted between either of them and the Eguator; and if the 
Sun, Moon, or Star, be to the Southward of the Eguator, it is 
called South Declination : But if they lye to the Northward, 
or betwixt the Equator and the North-Pole, it is called Nortb- 
Declinat ion. f PA 4 1 
26. Ihe 


paſſing through the place, and intercepted between the place and the 
quator. gs | 


=>. 2 F434 te =, © © 
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of the —_ t he po 
the Arch of the Ec/rprick, intercepted between this place and the 


28. The Latitude of the Moon or any Star, is equal to the Arch 
of the Circle of Longitude, paſſing over the Moon or- any Star, 
intercepted between the Moon or Star, and the FErzliprick , and 
is called South Latitude, if the Moon or Star be to the South- | 
ward 4 the Ecliptic; but if to the Northward, it is termed North | 
Latitude. 4 4 

29. The Azimuth is an Arch of the Horizon, contained between 


the Meridian and the Vertical Circle, paſſing through the Sun, Moon, 

or Star, at any time propoſed; when they are abeve the Horizon , 

and is the ſame with the Angle at the Zenith, made by the Meri- 

dian and the Vertical Circle. 55 5 = 
30. The Amplitude is an Arch of the Horizon, contained be- } 

tween the Sun, Moon, or Star, and the Eaſt Point of the Horizon 

at their Riſing, or the Weſt Point at their Setting: Or it is equal to 

the Angle made -4 the Prime Vertical, and the Vertical Circle 
ing through the Sun, Moon, or Star, at their Rifing and 
tin g. Rer. * | * . | - | 


21. The Altitude of the Sun, Moon, or Star, is an Arch of the 
Vertical Circle, paſſing through the Sun, Moon, or Star, atany time 
ene and contained between the Sun, Moon, or Star, and the 


— 


origon; and can never exceed 90 Degrees or a Quadrant. 

32. Zenith Diſtance, is that Arch of the Vertical Circle, paſſing 
through the Sun, Moon, or Star, which is contained between 
either of them and the Zenith; and therefore muſt alway, toge- 
ther with the Altitude, make 90 Degrees or a Quadrant. 

. 33: Meridian Altitude, is the Height of the Sun, Moon, or Star, 
when they are upon the Meridian; and conſequently is the greateſt 
Height to which they can arrive at that time. 

34. Obligue "Aſcenſion or Deſcenfion, is that Degree of the 
Equator which Riſes or Sets wit - Sun, Moon, or any Star, in 

| O 2 an 
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an Oblique Sphere, 2 ſuch a Spbere where the parallels of the 
Suns Diurnal Courſe cuts the Horigan at unequal. Angles) which 
Pofition happens to all who Live between the Equator and 
the Poles. 

35- Aſcenſional Difference, is the Difference between the Rigi 
and Oblique Aſcenſion or Deſcenſion; or is that Arch of the Equator 
which is contained between the Points of Right and Obligue Aſeen- 
ſion; and 9 {hews how long the Sun Riſes, or Sets before 
or after the Hour of Six: Or half the time that the Moon er 
any Star, is above or below our Horison, exceeds or wants of 


6 Hours. 


— * 


Containing the C bief and Primar * Problems ariſing 
from the Diurnal Motion ef the Sun, or the 
Rotation of the Earth about ber Axis. 


r | Which are of Two - Sorte, ! 


ln: n. n ; N offs y *. 5 ih +: 
1. FNEneral, vis. ſuch as require the Suns Right Aſcenſun and 
| Declination; his place firſt given. 


Or, 


2. DArticular, that is, variable in different Latitudes ; ſuch ar 
F thoſe that from the Declination require 

1. His Amplitude and A ſcenſional Difference. 

2. His Height and Azimuth at the Hour of Six. 

3. His Height, and the time when he is due Eaſt or Hef. 
4. His Height and Azimuth, at any Hour when he is in 
| the Equator. i i ig wo nevus Wo: 
|| 5. His Height. and Azimuth, at any Hour when he is in an 
q Femme in the Befr.. 

| ) 


4s 


* 
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e e Or, 1 5 
The Hour of the Day and Azimuth, when he is in any Point 


of the Ecliptick , from his Altitude, his Declination, 
and the Latitude of the place. 


O tach of theſe in their Order. 


And becauſe the Suns Place is ſuppeſed to be known or given in 
all Problems of the Sphere, let it be required in 


PROBLEM L 


From thes Suns Longitude and greateſt Declination, (which is 
found by the moſt exact Obſervations of Mr. Flamſteed, to be 
237, 29 ) to find his preſent Declination and Right Aſcenſion. | 


Example. 


Suppoſe the Sun to be in 277, 30 of Taurus, and his greateſt 
Declination as before fixed, 237, 29 what is his preſent ina- 
tion and Right Aſcenſion. 


SGecometricaliy. 
_ - 


1. Through the Center 7, of the 
Circle NQ A, repreſenting the 
Meridian; draw the Diameter, or 
Line repreſenting the Equator Ar C. 

2. Croſs the Equator AQ, at 
right Angles, with the Diameter or 
Axis NP ; the EKxtremities of 5 
which repreſent the two Poles, N the Northern, and P the 
Southern. 5 = 

3. Draw the Ecliptic& F C, at the Diſtance of 23*, 29' from the 
Equator ,, and on it from 7 to S, ſer off the Suns Longitude from 
Aries, the next Eguinoctial Point, 57, 30, by Prob. the 6th of 
Sect. the 5th, Part 3. | es 


4. Through 
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4. Through 8, and the Poles N and P, draw a Meridian 
NSR p, (by Prob. 4. of Sell. 5. Part 3.) and r R will be the Right 
Aﬀcenfion from Aries; and & R the 2 Declination, each of 
which may be meaſured (by Prob. 7. Sell. 5. of Part 3.) But 


_To determine their Quantities by Calculation. 


In the Spherical Triangle S Rr, Right * at R, are given 
| $ 7 the Suns Longitude, from the next Eguinoctial Point; and the 
Angle $ 7 R, the greateſt Declination. Wherefore by Caſe the 1} 
of Set. the 3d, Part 3. | 


— 


To find the Declination. 
It will be Rs, CS. R 5, 1 8s, S R, that is, 


As the Radius... 10.0900 


7 — — 


To the Sine of the greateſt Declination 23, 29 —— 9.00 
So is the Sine of the Suns Long. from Aries, 57, 30 — 9.9260292 


To the Sine of his preſent Declination 19, 38 


— — 


9.5 264382 


Which is North, becauſe the Sun is in Northern Signs, vis. be 


twixt the firſt Point of Aries, and the firſt Point of Libra. 


% 
* L I 


Hence, and from the Projection it is manifeſt, "that when the 
Sun is at the ſame diſtance from either of the Equinottial Points 


or =, that then the Quantity of the Declination is the ſame; 
but its Denomination different, accord ing as the Sun is conver- 


ſant elther in the Northern or Southern Signs. 


So that this Declination in Northern Sigus, is common to 


8275, 30. or K 2, 20), 
In Southern Signs, to n 27”, 30. Or, 2 2, 30. 
kor the Right Aſcenſion, it will be by Caſe 10. Self. 3. Part 3. 


R cs, CSF Rt, 18 t. 7 R, that is, 


As 


c 


„ own 


oO mn &, fy 
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As-the Radius — | 


To the Co-Sine of the greateit Declination, 23%, 29 -- 9.9623978 
So is the Tan. of the Suns Lon. from Aries, 57, 20 — 10.1958127 


— — 


To the Tang. of the Right Aſcenſion from Aries, 55,13 10.1582105 


Hence, and from the Projection it is mani feſt, that the ſame 
Quantities of Right Aſcenſion, Numbred from the neareſt Equz- 
noial Point, correſponds with the ſame Longitudes Numbred from 
the neareſt Eqzinoftia! Point. Wherefore, to find the Right A/- 
cenfion from Aries, Obſerve | 


1. If the Sun be in the firſt Quadrant of the Ec/:ptick, that is, 
between the. firft Point of Aries, and the firſt Point of Cancer; 
then the Right Aſcenſion found, is the Right Aſcenſion from 
Aries. F ha 

2. If the Sun be in the ſecond Quadrant of the Eclipticꝶ, that is, 
between the firſt Point of Cancer, and the firſt Point of Libra; 
then the Right Aſcenſion found Subſtracted from 180 Degrees, 
leaves the Right Afcen/ion from Aries. | 

3. If the Sun be in the third Quadrant of the Eclipticſ, that is, 
between the firſt Point of Libra, and the firſt Point of Capricorn; 
then the Right Aſcenſion found added to 180 Degrees, gives the 
Right cons om Aries. 

4. If the Sun be in the laſt Quadrant, that is, between the firſt 
Point of Capricarn, and the ſirſt Point of Aries, then the Righs 
Aſcenſion found Subſtracted from 360 Degrees, leaves the Right 
Aſcenfien from Aries required. 840117 


After this manner, were the Tables of the Suns Right Aſcenſion 
ard Drclination, at the end of this Section; Obtain'd from the 
Suns place in the Eclipticꝶ, deliver d in the art Table; and who- 
ny will be at the Pains to Examine them, will find them exactly 
0 agree. 9 x 2 5 | 

By the reverſe of this Problem, may the Suns Place and, greateſt 
Declinatian, be obtainꝰd from his preſent Declination and Right 
Aſcenſion: Or, his Longitude and Right Aſcenſſon, from the pre- 
{ent and greateſt Dec/ination ; which latter Problem, is ſomerimes 
of great uſe in Aſtronomy. 13 
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PROBLEM Il. 


The Latitude of the Place, and the Declination of the Sun, being 
given to find his Amplitude and Aſcenſional Difference, and Hour 
of Riſing and n ; With the Length of the mw — Night. 


Exanple. | 
1 the Larſtude of 51, 30' North, the Sun havi 195 28 
North Declination, I demand his Amplitude and Aſcenſional Dif- 


ference, with the time of his Rifing and Setting and the Length 


of the on, and Yor $ 
tor AQ, — Axis NP. 


— N 2 Noh ad Pr of — 

WWF in om N to too, and draw 
LN the Horizon o H. 

© 2. Becauſe the Declization of the 

| Sun is North, draw the Parallel ng, 

of the Suns Diurnal Courſe, on the 


Northern Side of the Equator , at 


the Diſtance of 195 28' (by Prob. 9. Secl. 5. Part 3.) and oblens 
where it cuts the Horizon as at 8. 


4- Through the Interſection S, and the Poles N and P, draw 
the Meridian NSRP, (by Prob. 4. Sef. 5. Part z.) then will - $ 
be the Amplitude, and 9 the Aſcenfional Di each of 
which may be meaſured by Prop. 7. Seck. 5. EEE Te u 


Geometrically 


1. Having drawn the Circle Ne 
. the Meridian; the Equ- 


But to determine their Juſt Quantities by Cululation 


In the spherical Triangle $rR, right Angled at R. are = 


S R the preſent Dec/:nation, and Sr R the Com t 
Latitude of the place. hence 4 8 8 


| To 
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To find the Amplitude, it will be by Caſe 4. Sef. 5. Part 3. | 
„ ISR: R. SSR., 7 8, that is, 


As the Co-Sine of the Latitude 51*, 30. 9.7941496 
To the Radius —— — 18000000 
So is the Sine of the Dedlination 197, 38' ——— 9.5263387 


To the Sine of the Amplitude 32, 40' . 9.732189 


Which is always the ſame way with the Declination; that is, If 
the Declination be South, the Amplitude is Southerly; but if the 
Declination be North, the Amplitude is Northerly : And conſe- 

nently in this Cæſe, the Sun Riſes and Sets to the — of the 
Ha _- z and in the former Caſe, to the Southward of the 

or We "6 5 


For the Aſcen tonal Difference, it willbe ca 3. Sell. 3. Part 3. 
i t, SYR: R: : t, S R: 5s, Re, that is, 
As the Co. Tangent of the Latitude 51, — 9.900605 2 


To the Radius ͤßĩũñũZE7k:bj . 10000000 
So & the Tangent of the Declination 197, 38' —.— 9.5523514 


—Q=__ 


To the Sine of the Aſcenſonal Difference 26*, 29 9.6517462 


Which (if the Latitude and Declinatioh be both the ſame way, 
that is, both North or both South) Converted into Hours and Minutes, 
(by allowing 15 Degrees to an Hour, and 15 Minutes of Right 4/- 
cenſion, to one Minute of time) ſhews how long the Sun Riſes before 
6 in the Morning, and Sets after 6 at Night. 
ut (if the Declination of the Sun, and the Latitude of the 
place are contrary, that is, If one be North and the other Sowrb) then 
the Aſcenſional Difference converted into time, ſhews how many 
Hours and Minutes the Sun Riſes after 6 in the Morning, and Sets 
2 6 at Night; all which is abundantly maniteft from the 

ware: ow | * 


P p Hence 
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Hence in this C/e, becauſe the Latitude is North, and the 
Declination North. 


h, e wy 

From 90 Degrees, or 6 Hours, —— —— — 6,00. 
Fake the Aſcenſional Difference equal 10 ————— — 1.46 
— 

Remains the time of the Suns Riſing. — — 4.1 

For the Setting. : 

To 90 Degrees or 6 Hours. =———— 6. oo. 00 
Add the Aſcenſional Difference equal to ———=— —— 1.46.1 
Sum is the time of the Suns Setting, ———- — 7.46.36 


Now, becauſe the Hour of the Suns Setting, ſhews the time 
Elapſed between Noon and the end of the Day; and which is 
therefore equal to half the Length of the Day : It the Hour of the 
Suns Setting be doubled, it gives the Length of the Day, or Num- 
ber of Hours the Sun is Viſible above the Horigon. 


Wherefore in our Caſe, 


If the Hour of Sun Setting 7, 46, 36, be Multiplied by 2, r 
added to its ſelf, it gives 15, 33, 12, the Length of the Day at that 
time of the Year; in which the Declination is the ſame as in 
the Queſtion. 2 

Again, Becauſe the Hour of Sun Riſing, ſhews the Quantity of 
time Elapſed, between the time of the ſaid Syn Riſing and Mid- 
Night; and which is therefore equal to half the Length of the 
Night. If the Hour of Sun Riſing be doubled, it gives the Length 
of the Night. | 


Wherefore, in our preſent Caſe, 


If the Hour of Suns Rifing 4, 13, 24, be doubled or added to its 
Lelf, it gives the Length of the Night 8, 26, 48, which added tothe 
Length of the Day before found, makes 24 Hours. | 

Hence it is Obſervable, that when the Sun is at equal diſtances 
from the firſt Point of Cancer or Capricorn, the Amplitudes, Aſcen, 


* feonal 


kj Co food = os ks © woes — 


co 


A las. om am oo com 
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nal Difference, time i be Suns Riſing and Setting, Leneth of th* 
57 and Mar, are the ſame; fince the Suns Declination from which 
they are Computed, is the ſame. | 
ence it is further Obſervable, that the Hour of Sun Riſing, 
when the Sun hath any determinate Degree and Minute of North 
Declination, is the ſame with the Hour of Sun Setting at that time 
of the Year, when the Sun has the ſame Number of Degrees South 
Declination. Alſo the time of Setting when North Declination, the 
ſame with the time of Riſing when South Declination. And Laſtly, 
the Length of the Day when North Declination, the ſame with the 
Length of the Night when South; and the Length of the Day when 
South Declination, the ſame with the Length of the Night when 
North Declination; and the contrary. 
By the Inverſe Method, If the true Amplitude, or time 
of the Suns Riſing and Setting, can be obtained by Obſervation; it 
will be eaſie to find the Latitude of the Place. 


PROBLEM lll. 


The Latitude of the Place, and the Declination of the San being 
given, to find the Suns Height and Azimuth, at the Howr of Six. 


Example. 


Given the Latitude 51*, 30' North, the Suns Declination 19, g8' 
Nath, to find the Height and Azimuth of the Sun, at the Howr 
of Siæ. 

SGeometricaliy. 


1. Having drawn the Meridian ANQP, 
the Equator A Q, and at right Angles 
to it the Axis, or Six-a-Clock-Howr- 
Ore. | yy 

2. Draw the parallel of Declination, 
or parallel of the Suns Diurnal Courſe 
Ms 1. the Northward of the Egua- 
tor, uſe the Declination is North; 
(by Prop. 9. Seck. 5. Part 4.) and where 
It cuts the Six. a- Clocſt-Hour- Circle as at &, it ſhews the place of the 
Sun at that tine. 

P P 2 3 „ Set 


288 Aſtronomical PROBLEMS. 
3. Set off the Latitude of the place ſrem N to H, and draw the 
Horizon Ho; and at right Angles to it, the Prime Vertical 


] 
which Interſects the Meridian in the Zenith Point 2, and ** 
Nadir Point IJ. | 


4. Through the Zenith and Nadir laſt found, and the place of 
the Sun S, draw a Vertical Circle (by Prob. 4. Seft. 5. Part z.) and 
the Arch of it contained between the place of the Sun &, and the 
Horizon: viz. S R, is the Suns Height at that time. And the Arch of 
the Horizon 7 R, is the Azimuth from the Eaſt or Weſt; each of 
which may be meaſured (by Prob. 7. Sed. 5. Part 3.) 


But to obtain their juſt Quantities by Calculation. 


In the Spherical Triangle Sr R, right Angled at R, are given S/ 
the preſent Declination, and Z $7 R, the Latitude of the place, 
wherce it will be by Caſe 1. Seck. 3. Part 3. 

For the Suns Height at Six. 
R:s,S7R::$,7S:S,SR. that is, 


— — 10 ooococo 


, To the Sine of the Latitude 51*, 30 FEE. — 9.89354ʃʃ 
So s the Sine of the Suns Declination 1 9738 —— 9.526337 


J | 3 
To thesine of the Suns Height at the Hour of Six, 15,15 - 9.419883 1 
either in the Morning or in the Afternoon.” e 


If the Declination be con 


trary to the Lakitude, that is, if one be 
North and the other Soup; then it gives the Depreſſion, and ſhews 
how many Degrees the Sun is below the Horizon at that time. 


For the Azimuth ar Six, it will be by Caſe 10. Se. 3. Part 3. 
Nic -R S7 tr R. that is, 


As 
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. 


As the Radius ————— lo. oo 


To the Co sine of the 1 97941496 
So is the Tangent of the Sans Declination 199, 38 — 9.5523514 


To the Tangent of the Aaimuth 129, 31' —- 9.3465010 


From the Eaſt toward the North if in the Morning: Or, from 
the Weſt toward the North, if it be in the Afternoon. 


Wherefore, 


The Azimuth Obtained by the Lagarit bis, added to 90, gives 
the Azimuth from the Souih; which muſt be Numbred from the 
South towards the Eaſt, if it be in the Morning; but toward the 
\ Weſt if it be in the Afternoon. 

The ſame Az:muth Subſtracted from 90 „gives the Aar 
nuth from the North, which muſt be Numbred toward the Eaſt, if 
it be in the Morning; but toward the eſt if it be in the Afternoon, 


D 


If in the room of the Latitude of the Place, the Suns Heiglit at 
the Hour of Six was given. T7 EA. 

Then in the Triangle $ R 7, Right Angled at R, are given S 7 
the Suns Declination, and 8 Rhis Height at Six, to find the Lati- 
tude of the place in which the Obſervation was made, and the 
Azimuth at the lame time. | 


©. 


For the Latitude, it will be by Caſe 3. Set 3. Part 2. 
| S S RWS, S Rs S7 R. thatis, 
As the Sine of the Declination 19˙, 389.5263387 


To the Radius ——— — 10.000000D: 
So is the Sine of the Height 15, 15' =————— $.4200073 


7 


— — . 


To the Sine of the Latitude 5s, 313 —— 97e 
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For the Azimuth, it will be Caſe 7. Set, 3. Part 3. 


cs, SR:R:;cs,Sr:cs, 7 R. that is, 
As the Co- Sine of the Height 15, 15. —.— 99844316 


— — 


To the Radius — e — C Sr e e 10. OOOOOOO 
So is the Co- Sine of the Declination 197, 38 ——— 9.973987; 


— — —ꝝ: 


To the sine of the Azimuth from the Meridian 77%; 29 9.989535) 
PROBLEM. IV. 


The Latitude of the Place, and the Declination of the Sun being 
Siven, to find his Height, and the time when due Eaſt or Weſt 


Example. 


Let the Latitude be 517, 30 North, and the Declination of the 
Sun as before, 19*, 38 North; to find the Suns Height, and time 
when due Eaſt or Weſt. 


1, Having as in the former Problem., 
drawn the Meridian ANQP, the 
Equator AQ, the Ax# NP, and by 
the help of the Latitude, the Horizon 
HO, and Prime Vertical 2 I. 


2. Draw the Parallel of the Su 
Declination 9, from the Declination 
given, as in the former Problems; and 
-obſerve where it cuts the Prim: 
Vertical as in &. | 
3. Through &, and the Poles of the 
YT |  _ World N and P, ſtrike a Meridian, 
by Prob. 4. Se. 5. Part 3.) and S r will be the Suns Heightrequi- 
red; and R the time after Six in the Morning, and before Six in 
the Afternoon: Both which may be meaſured (by Prob. 7. Self. 5. 
Part 2.) But for obtaining of them by Calculation, in the Right 


Angled Spherical Triangle r RS, right Angled at R, are given K 1 


* 
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the Suns Declination, Sr R the Latitude of the Place; and therefore 
by Caſe 4. Se. 5. Part 3. it.will be Re 2 

For the Height when due Eaſt or Weſt. 
Ss, LRrS:R:i:s,RS:s,8r. that is, 


As the Sine of the Latitude 51%, 30' ————— 9.8935444 


To the Radiug ooo cnn cnn nn non eine tetpntn LOcOOOSPO 
So is the Sine of the Suns Declination 197, 88' —— 9.5263387 


—  — 


To the Sine of the Height when due Eaſt or Weſt 25, 25 9.63 27943 


If the Declination of the Sun be the ſame with the Lati- 
tude, then it ſhews the Depreſſion of the Sun at the time that he 
* = 90 Prime Vertical, continu'd below the Horizon, toward 
the 1[Vadyr. $0 4 


For the Time when due Eaſt or Weſt, it will be by 
Go/e 3. Sed. 3. Part 4 


t, (Sr R: Rt, RS,: S, Rr. that is, 


As the Tangent of the Latitude 3, 30' ———>— 1,0993948 


| — —— 


To the Radius —— 10,0000000 
So is the Tangent of the Declination 19*, 38' ——— 9.5523514 


To the Sine of the Time 16*, 29' ———m=—_—— 9.4529566 


Which Converted into Hours and Minutes of fime, by allowing 
15 Degrees to an Hour, ſhews how long after Six in the Morning 
it is ere the Sun be due Ea; and how long before Six in the 
Afternoon, the Sun comes to the Weft, N | 


| Wherefore, > | 47% 
To 90 Degrees or 6 Hours, ————— ——— 6.00.00 
Add the Time laſt found, ———— ———— I.05.56 


lt gives the Time the Sun is due Eaſt in the Morning, — 7.05 4 
£ 
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$.05* 15251 Or, | | ' 2 * 
From 90 'DegrorS or 5 How, — — 6,0, 
Take the Time laſt found. — — — 1.05.56 


It gives the Time the Sun is due Weſt in the Afternoon — 4-54-04 


In this Caſe we have ſuppoſed the Suns Declination, and the 
Latitude of the Place, both the ſame way. 


at it the Latitude had been North, and the Declination South, 


Then if eee TROY 


* 90 "DID or 6 Hours. 6.00.09 
He taken the Time. laſt found — — ßäĩł⸗Fh u 1.05.56 


It ſhewsthe Time the Sun is upon the Prime Vertical, con- 5: 
4-54-04 


tinued below the Horizon, or when the Sun if he could be 

en, eters hog you Cal — 2 

«1r ©. NG Fel WR : $f We 
0 50 een 6 Num — — 800 00 
Add the Time laſt found — —— — 1.05.56 
It gives the Time the Sun is upon the Prime Vertical 3 1 

below ot when he would appear dee CO could be ſeen. & 75 


Caſe 


If inſtead of the Latitude, the Suns Height were given: Then 
in the Triangle S R 7, Right Angled at R are given & R the pre- 


5 — Declination, and 8 7 "the t, to find the Latitude and 
our. 


For the Latitude of the Place of Obſervation, it will be Coe 5. 
Sed. 3. r . 


8. en 8. 57 thats, 
As the Sine of the Altitude 25˙5 25 6 9. 06326576 


0 the Sine of the Dantes 19˙ 38˙ ee 9. 7967767 


So is the Radius - ——__—— — — — lo. oooοοο 


— 2 — 


To the Sine of the Late 51˙%32.——— 9. 526% 
or 
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For the Hour, it will be by Caſe 7. Sed. 3. Part 3. 
cs, SR'{R::cs,Sr:cs, Rr. that is, 

As the Co- sine of the Declination 49 38% r 9. 22273 


So is the Coin of the e a7 259 ; , 25 ay). 9557890 


— nnn. EY 


To the Sine af the Hour from Noon 73˙ 42 e 9818017 


Whence, the Hour according to the common way of Com utati 
may be Obtain'd by the Rules laid down in the laſt Caſe. 1 * 


a ee 


If nia of the Height in the laſt Caſe, the out of the Day had 
been gi 

Then in in the Sphetical Triangle 8 R r, right Angled at R, are gi- 
ven $ R the preſent Declination; and Re the time from Six, that 
the Sun is dis Eeft or Weſt, to find the reſt. 


Forthe Latitude, it will be by Ca/e 6. Set. 3. Part' "| 
$,7R:R::t,SR:t,S7R. that is, 
às the Co- Sine of che Hour from Noon 732 — 94524879 


To the Radius „56 — I9.0000000 


S0 is the Tangent of the Deelinatipn 19, 98. — 9: 75523514 


T0 a Tangent of the Latitude 5 "I : 32 — 1 10 98635 
For the Altitude, it will be by c e 8. Seck. 3. Pari 3. 

Res, S Res, Rr cs, Sr. chat is, 

As the Radius — — — —— — 


To the Co- Sine of the Declination 192,38" ——-09:9739873 
So is the Sine of the Hout from Noon 737,92 igy8E8017 


—— gp 4. 


—— tt... 


To the Co · Sine of 2 eee 
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„e gen bel 15 the Equator, the Latitude of the Place is given, 
and the Hour of the Day to find the Suns Height and Azimuth, 


| | Example. 


I édemand the Suns Height and Azimuth, at half an Hour paſt; 
in the Afternoon, or at haft an Hour paſt 8 in the Morning; each of 
which times are 3 Hours and a half diſtant from Noon, in the La- 
titude of 51, 30. North. e : 


| | Geometrically, 
2 1411 1 
1. Draw the X Mer te 
. e Meridian AQ, th 
OE 2 N P, the Ax# H o, the Hori 
zen (by the belp of the Latitude) and 
ZI the Prime Vertical. 


2. (By Prob. 6. Set. 5. Part 3.) lay 
off 52 30“ equal to three Hours and 
ga bdalf in the quator, from A to S. 
O 1. Through S and the Zenith and 
Rs  _ Nadi, ſtrike the Vertical Circle 2$RI, 
and the thing is done; and SR the Height, and R/ the Aeimu) 
— the Eaſt or Weſt, may be meaſured by Prob. 7. Sell. 5. 
„ ͤͤo˙ 0 . 275 onduarupagra 2,6 OOTY} 
8 * 0 determine them by Cirali, in the 


Triangle RS, tight 
Angled at R, are given 7 & the time from Six of the Clock, and 
$ 7 R, the Complement of the Latitude; and therefore by Caſe 1. 
SeZ. 3. Part 3. it will be to find 3 
e 


R, S228, RS. 5, S R. that is, 


As the Radius — . — la cocooco 


A . 2 o 


To the- Co- Sine of the Hour from Noon 5 2*, 30 — 97844471 
Bo is the C- Sine of the Latitude 519, 30 —— —— 9.941496 


„ 


— x 


| - To the Size of the Height at that Hour. 22%, 16 95785907 
3 Wa: | Tot 


mi BRO B-LEMS. 


For me inc from the ef or Wh, it will be;by: 
Caſe 10. Secl. 5: Part 3. 


R. 67K. 0 t, Ry. that is, 


IO OD Aa! 2.0 . N 
As the Radius — COTE — cody YGPAAS 
* 4 3 Inner 

To the Sine of the Latitude 5 -1* 4 30 — —.— 9.893544 

So is the Co- Tangent of the Hout from Noon 52" , 39 - 9.8849805 


* 2.1107 v5 mas 


| To the Tang, of the Azitnuth at that Hour 30* £ 59 — 9.7785 249 


Which added to go, gives the Azimwrb from the North to be 
1 if it be in the HTS but Weſtwerdly if 


it be in the 
But Subſtracted Gow 90 gives the Azimuth from the 
South to be Numbred towards the Weſt, if it be in the Afternoon, 


but if it be in the Morning, to be l toward the Eaſt. 


Caſe II. 
[inſtead of the Hour of the wed the Altitude of the Sun is 
in the e Riahe Angled Spherical eS Re. right Angled atR, 


If SR the Complement- of the de, and S K the Altiende, 
were given to find the reſt. _ 


It would be for R r the Azimuth, (by Cafe 3. Sell. 3.Port 3.) 
T, ISY R: R+8t;SR:.6,R7. that is, | | 
as the Co-Tangent of che Latitide 31*, 20 


To the Radius moo — — 10.0000000 

80 | is the Tangent of the Altitude Obſerved 22*, 16' — 9.6122013 

9 — 

N Tothes. ofthe 4z;mutbfrom the E lor Ve 30% 39 9.113962 

By the help of which, the Azimuth from the North may be dif 
Covered, by the Trocopts Lak doen in che Rar Cp * * 

3 er 


9. 9006052 


—— — 
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For ue Hour of the'Day; v be by ears Seck g. Part 3 
85 LS7R: R::3,8R: 5,57. that is, 
As the co. Sine of the Latitude 51* 30 — a 7941496 


959020901 wont phos _ — 
"Ts the Radius — nm — — 7,000 
- So! is the Ine-ofthe Height 227 16% = LESS DG SS. 9.5785450 


— — 


-To the Co-Sine of the Hour from Noon 52, 30 —9. 7843954 
121 Nee neee: £31 urn. K 575 
Which Converted | into Time by allowing 15 Degrees to an Hour, 
gives, the Hourin' the Afre#mn,' if the Sun was Deſcending. But 
If the Sun was Aſcending, that is, if the Altitude was taken in the 
Morning, then the ſame r taken n 12 e gives the 
Hour in the enen, 20 60 


* — 4 * * * 


—— — 


ry 


Cie . 


If the Altitude of the Sun was . Sl his true Azimuth, it 
would be eaſy to find the Hour of. the Day, and Latitude: of the 


Place. For 

In the Tri SR 7, right 1 gt Ke 5, areg wren SR bis Alt 

tude; which, we will appel to > de x the Comple- 

ment of the 23220 from the Maher Which. we will put equal 

to 307, 591 to find S n rhe Hour tom gie, and $ 7 R the Comple- 
T 


ment of the Latitude. Wherefore, 
For the Latizudeof the-Place;itwill be by Caſet6.:Self 3. Part 3. 


„e R: Rzitzs Rt, Sr R. that is, 


6 „ RO 


DAs the Co-Srefche Aaimutb from the Meridien % „0197116290 
1 I © — 81 "IL evtl hat 11: & « * — — 
Wee Radius < — — — — ſlqcocoooo 
7 ; "wot rhe Lasset the Minde 25516. 9.612201; 


8 * 241 Ii: ast. 


o the Colin the Latirudeofthep Place 51 36 9. 9005723 


* 


4 — 


—_ 


Ss SS © ©» GO 


= 


% His. 


— 


/ R cs, Nees. . that's, 


ts the Radius aal 


Tobe Sine ab bende eee che Meridien 59˙ er =; 9331 is 
So is the Co-Sine of the Altitude 22%, 155 — 2 9.966 63427 


— — — 


To the Sine of the Hour from Noon 529, 20 — 9. 899495 2 


Prem whence, the Hour according to the vi e 
* be gather I bythe Directions given in the la Foe 


* 
_ - «a TY? 1 Z 0) 


PROBLEM . 
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A Catalogue of 30 W Fixed Stars, with their Right 
Aſcenſions and Declinations ; deduced from the e * 


OBSERVATIONS, and fitted to nds i. pn" 


* Rt. I Declin, I Z. 
| : Stars Names. | H. MI D. M | 2 
The Knot of the String if the Fiſhes == | 3 1 20 N 
The Kino of the F Aries =— — — 1 by 22 4|N 
The Faw of the Whale Mandibula 2 47] 2 46 N 
The Head of Meduſa ———-—-— — | 2 49139 48 N 
The Bright fide of Perſeus ——=———— | 2 0448 48 N 
The Goat Star Capella —— | 2 55] 45 400 N 
The Bright Foot of Orion ——==—— | 5-1] 8 348 
The Left Shoulder of Orion — | 5 10; N 
The Right Shoulder of Orion —— | 5 39 N 
The Dag Star Syrius -——— 6 32 8 
| The little Dog Star Procyon —— [7 24 N 
Caſtor, or the Head of the Nertbern” N: 7 "8 N 
The Lyons Tail — —-—¼ — 111 34 N 
The War Spike . —— 113 10 8 
Arcuru . —— 14 02 N 
The Northern Scale of the Ballance— 4 5 91 8 
The Bright Star inthe Neck of the Serpent | 15, 33 N 
The Bright Star in the Northern 882 11 23 N 
The Head of the Scorpion Antares 16 12 5 8 
The Head of Hercules — ———— | 17 02 N 
The Head of Serpentarius =—-——— | 17 22 N 
The Right Shoulder of Serpentarius —— | 17 29 N 
| The Bright Star in the Harp .— 18 27 N 
| The Bright Star in the Eagle — ——— 19 37 8 N 
The Hand of Antinous — — — | 19 56 8 
The: Right Shoulder of Aquarius ——— [21 57 31S 
The Shoulder of the Flying Horſe Marchab-- | 22 50 IN 
| In the Produttion of the Legs of the Flying} © 
Horſe Sheat — 22 50 N 
The Mouth of the Southern Fi TA Fora - 
haut DD 8 
[7 The Head 4 Andromeda — —__— N 


2 . — i — N 
7 . 10 nn N 4 g 
” ® » * £ : 
: . | 0 bs " 14 „ * hs | * 93 ſ 4 15 N « - 
> 4 * — 3 . 
[ N C4 ; X 


, ( l 


| 334 Aſtronomical PROBLEM S. 
» SECT. I. 


Containing the Methods of determining the time of the 
Riſing and Setting of the Stars, their Amplitudes, 


Azimuths, Hour of the Night, Oc. 
| A S the Right Aſcenſion of the Sun, ſhews the Degree of the 
. Equator that paſſes over the Meridian with the Sun at Noon; 
ſo the Right Aſcenſion of the Star, ſhews the point of the Equator 
that tranſits the Meridian together with the Sta. 
Hence, the Arch of the Equator intercepted between the Points of 
the Equator, that tranſits over the Meridian with the Sun and any 
Star; or which is the ſame thing, the Differences of their Right 
Aſcenfions, meaſures the ſpace of time betwixr the tranſit of the 
Sun, and the fame Star. Whereforree | 
To find the time of any Stars coming to the Meridian, ſubſtrat 
the Right Aſcenfion of the Sun, from the Right Aſcenſion of the 
Star, and the remainder ſhews the time of the Stars coming to the 
Meridian. But if it happen that the Sun Ad Star. are on co 
ſides of the firft Point Aries, that is, If the Suns Right Aſcenhon 
exceed the Stars, then to the Stars Right Aſcenſion, add 24 Hours 


Example the 1. 
fl it were fequired to find at what time Arurws will come to 
the Meridian the 1½ Day of April, 1706. WE s 
. 


From the Right Aſcenfion of Arfyrus ————— 14 02 
Tanke the Right Aſcenſion of the Sun at the time ed — 1 21 


— 


Remains the Hour of the Stars ſouthing . 12 4 
ET Exuxample the 2d. | 


If it were required to find at what time the ſame Star 4r@arus 
will tranſit the Meridian, on the 25th of January, 17c6. 
28 the Suns Right Afcenſion at thar time, is greater than — 
Stars. | N 0 


* 


ee PROBLEMS. 
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K* . 
Add 24 Hours —̃ʒ — — 2.4 00 


* 


From the Sumy —ĩͤ ——— 38 02 
Take the Suns Right Aſcenſion at the time propoſed —— 1 15 _ 


— — 


| Remains the time of the Stars coming to the Meridian —— 16 47 


rr 

or any other ; 

this, 1 Falſe and Erroneous. ; To —_ 
Hence, and from the Latitude of the place, and the Declination 

of the Star, may be found the times of = Rifing and Setting, — 

Amplitude, the time when it will a ve Fal = Welt; 

ons the Stars height, the Hour of the Night, and its dien 

at time. 


For if in the nt Hg. where 
PES2 — the Meridian, 
PS the 2 EA the Eguator, 
ZS the Prime Vertical, HO the 
| Horizon, and mn the parallel of 

any Star, as Arfurus's Courſe, If H 


S, 

F the Interſeftion of the parallel 
1 n, with the Horizon, an Arch 
of an Hour-circle be drawn, asPS; - N 

in the Triangle CFR, are given the 

Angle at C, the lement of the Latitude of the place, ſuppoſe 
519. 30 North, and SR the Stars Declination 20”. 44 in this Caſe 

Kor Whenze to find CF 1 its Amplitude, it will be 8 


8 LC: R:: S, RF: 5,FC. tet is 
As the Co. Sine of the Latitude of the place 51 30 — . 


a — N 


To {the Radins —— — —-—t„ —.— en 
80 isthe Sine of the Stars Declination 20˙, 44' ———=— 9.5 490266 


—cc——_ ﬀ 


To the Sine of the Amplitude 34, 5 "3 — — — 9.75 8770 
X x 2 | hich - 


+ STAY 


the Meridian. The Sum taken therefore from the time that it 


336 Aſtronomical P RO BLE MS: 
Which being always the ſame way with the Declination, is there 
fore Northerly : And hence, the Star Riſes Eaſt 34*, 39 Northerly, 
and Sets Weſt 34*, 39 + Northerly. +» | . + FL 
For CR the Aſcenſional Difference, it will be, 
ee = t,. IRT R: SCA? 
As the Co- Tangent of the Latitude of the place 3 * 300 9. 9006052 


. - "us J of 
To the Radius -( 4a ... 190000000 


So is the Tangent of the Declination 20%, 44 — — 9.781043 


To the Sine of the Aſcenfional Difference 28*, AAP VEN) — 


Which converted into time, and added to fix Hours, becauſe the 
Latitude of the place and Declination of the Star are both North, 
gives the ſpace of time the Star required to paſs from the Horizon to 
paſſes 


the Meridian, ſnews the time of its Riſing; but added, gives the 
time of its Setting. | 


The tranſit of ArZurus over the Meridian on the 17} b. 1. 
Day of April, 1706. has been found already to beat — F 12. 41. oo 
ake away therefore from thence, the Aſcenfional 7 7. 57. 42 
Difference of the Star, increaſed by fix Hours. — 5 


—ͤ — — 


It leaves the time of the Riſing of Arcfurus the ſame day - 4. 43. 18 


Again, . 
To the Time of its tranſit over the Meridian —— — 12. 41. 02 
Add the ſame time. —— 7. 57. 42 


It gives the time of its Setting. 20, 38. 42 
If it be required to find its Height, and the time when it will 
due Eaſt or Weſt, on the 1/t Day of 2 * 1706. 8 
In the former Figure, through the Interſection of the Parallel, 


with the prime Vertical at A, ſtrike another Hour- circle, as PA RS; 


then in the Right Angled Spherical Triangle CA R, are given the 


Angle at E, 
nation of the p 


ual to the Latitude of the 2 and A R the Decli- 
z whence to find A C the Altitude, it will be 


S, IC: R:: 5, AR: , AC. that is, ; 
* - , ; 5 


As the Sine of the Latitude of the place 515, 20 '=—— 9.893 5444 


— — —— 


To the Radius — — = 0000000 
So is the Sine of the Stars Declination 20®, 44" —=—— 9.5490266 


— 


To the Sine of its Height when due Eaſt or Weſt 26 53' = - 9.574822 
For the time, it will be, t, LC:R:: t, AR: S, RC. that is, 
As the Tangent of the Latitude of the "I 51% 30' = 10.0993948 


— D — — 


To the Radius —— —— — Io. o õHmů o Oo 


So is the Tangent of the Stars Declination 20%, 44 — 9.5781043 


To the Co- ſine of an Arch 72˙,82811ͤ «5 — 9.4787095 


Which converted into time, and ſubſtrated from the time of the 
Stars coming to the Meridian, gives the time it will appear due Eaſt, 
but the ſame Arch added to the time of its paſſing over the Meridian, 
ſhews the time it will be due Welt. Wherefore a = n „ 


If from the time of its coming to the Merid. the 1/? of April 12.41.00 


Be taken away the Arch laſt found 4.49.54 

It leaves the time when it will appear due Eaſt — —— 7.5 1.06 
Again, ff 

If to the time of its paſſing the Meridian 12.41. 0 


Be added the ſame Arch 449 54 


It gives the time that it will be due 8 17. 30.54 


If it were required to find the Hqur of the Night,and Azimuth from 
the Altitude of the Star 42²j oo“, its Declination 20%, 44 and the 
Latitude of the 2 51% 30“. In the former Figure, draw w y 
parallel to the Horizon, at the diſtance of 42 O: The Stars Alti- 
tude, through the Interſection of this, with the parallel mn at x, 
draw the Arch of the Hour - circle Px, alſo the Arch of the Vertical 
Circle Z x; then in the Spherical riangle ZP x, are given Z P the 


Complement of the Latitude of the Place, Z x the Complement of 


the Ahitude, and P x the Complement ofthe — of the Star 
in this Caſe: * to find the Azimuth. 


To 
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Tuo the Complement of the Latitude of the Place 38. 30 
Add the Complement of the Altitude of the Star . 48. 00 
And the Complement of the Stars Declination — 69. 16 


— —ommmm— 


3 | e 

From half the Sum ũll᷑ũ : . 77. 53 

Lake the Complement of the Declination — — 69, 16 

i The remainder call the Difference .— 8. 37 
3 Then, 

As the Radius. 100000000 

To the Co-fine of the Altitude of the Stat 42%, 05 LA 9.8710735 

So is the Co-fine of the Latitude of the place 51?, 30'— 9.7941496 

To a 4th Sine — —̃ͤ — K ..:,r— (v—-„A—:tHͤ— 9.665 2231 

As the 4th sine — . 7 

: To the Sine of the half ſum 77, 53' 3 9.9902155 

So is the Sine of the Difference 8*, 37' ———————= 9. 1755784 


F Ml. eee 


To a Jth Sine nn nn nn 19.5905708 


To which if the Radius be added — —— oy 
The Sine Complement of half that ſum 55%, 45 + doubled, gives 


111% 31“ the Azimuth of Ardtarus from the North at that Altitude. 


For the Hour of the Night, it will be, 
1 | $,Px:8,LZ::9Zx:5,LÞ. that is, 
As the Co-fine of rhe Declination 20˙ 44 — — 9. οο,jd 
To the Sine of the Azimuth 1115, 31 e 9.96865 30 
So is the Co fine of the Attitude 42“, 009671073 


—. Aru. W 


- 
. 


I so tbe Sine of an Arch 47*, 40 1 — . — 958688042 
Wich converted into time, and ſubſtratted from the time of the 
Stars Southing, gives the Hour of the Night, if the Star were > 

b k Mp : pe i” AS a e 


8 
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the Faſt ſide of the Meridian; but added to the time of the Southing, = 
gives the Hour of the * 220 the Stat is on the Weſt ſide ot, 
or is paſt the Meridian. Hence 5 

Becauſe on the 1 of April 1706. Artfurus paſſes the Meridian 
at 12h, 415, 00 if the Star were aſcending; that is, 1 7 of the 


Meridian. £ e. , 
Erom the time of its Southing — 12. 41. 00 
Subftract the time laſt found. 3. 10. 41 
It gives the Hout of the Night — — — 2 9. 30. 19 
But if the Star were on the Weſt fide of the Meridian. b. . I 
To the time of its Southing .. 12. 4t.-00 


Add the time laſt ound - .. 2. 10. 41 


And generally, whatever has been done in relation to the Sun, will 
hold good in the Fixed Stars ; provided, that in the room of the 
Suns paſling over the Meridian, (the Commencement of the Aftro- 
nomical Day) be uſed, that of the Stars Culminating ; which may be 
diſcovered by the Rules already given. 


1 — 8 hh 1 —_— 
n. . — ** 


S E CT. IV. 


Containing the Methods for finding the Latitude of a 
Place, or, Height of the Pole; by the Meridional 
Altitude, or Zenith Diſtance of the Sun or Stars, 
and their Declinations. ie * 


— 
- 


. 
yy -\ 
nm 
s 
- 


HE Latitude of any Place (as hath been already * is an 
Arch of the Meridian, contained between the Pole and the Ho- 
rizen, and is ever equal to the Arch of the ſame Meridian, imercepted 
between the Equator and the Zenith. | 


For = 
7 9 


2 


* 


lig. the 1ſt. For in the adjacent Figure, where PESQ 
22 __ > #: repreſents the Meridian, E Q the Equator, P 
P the Northern Pole, He the Horizon, and 7 
the Zenith. If from Z o the diſtance of the 
Zenith from the Horizon, equal to P E the 
diſtance of the Pole from the Equator, be 
taken away Z P the diſtance of the Pole from 
the Zenith, there will remain ZE the diſtance 
Harn of the Zenith from the Equator, equal to po 
the diſtance of the Pole from the Horizon, equal to the Latitude 
of the place. Nh. II | tt: a erent at | 
As the Declination of the Sun or Star, is their neareſt diſtance to 
the Equator, and is equal to the Arch of the Meridian, intercepted 
be tween the Sun or Star, and the Equator ; ſo the Meridional Zenith 
diſtance, is the neareſt approach of the Sun or Star to the Zenith; 
and is equal to the Arch of the Meridian, contain'd between the Sun 
or Star, and the Zenith of any place, at the time of their tranſit over 
the Meridian. 5 | 
Hence we are taught how, from the Declination of the Sun or 
Stars, and their Merjdional Zenith diſtances, to find the Latitude of 
the Place of Obſervation. 5 bo 
I. If the Sun or Star have no Declination, the Meridional Zenith 
diſtance, is equal to the Latitude of the Place; which if the Sun 
come to the Meridian South of the Zenith, ir is North; but if the 
oy come to the Meridian on the North fide of the Zenith, it 
is South. | : 3 oe 1 
Thus in Eg. the 1, where EQ repreſents the Parallel of the Sun 
or Star, ZE the Meridional Zenith diſtance, is equal to P o the La- 


titude of the place, or height of the Honky Pole. 

S | N F ne 

| 152 2 In Fig. the 2d, Z I the Meridional Zenith 

e diſtance of the Sun or Star, is equal to SH the 

** - Height of the Southern Pole; ſince I the 
Place of the Sun or Star, is on the, North fide 


W 
* 


of the Zenith. 

2. If the Sun or Star be in the Zenith, the 
Declination 1s 3 to the Latitude, which 
is the ſame with the Declination; that is, if the 


| Braun or Star have North Declination, che Lati- 
tude is Northerly; if the Declination be South, the Latitude is 
Southerly. 5 " Thus 


- 


00 


ee „ 
 Thosn 82 e f. place ft nr, 


| chen ZE the equal to E the Altitude of the P. 


: Non pe — 24 Feels e er 
in Fig | 
equal 1 Sth Ala oft — 


then ZE the Declination Fouad,” 1s 

3. If the Deitination of thoSun or Stars, and Tat iis + 
ces be unequal, and both the Tame way; that is, if they are either 
doch Notth'or both South, then "thelx difference is equal to: * 
Latitude of the place. 

Thus in Fig. the It. if DC rep reſent the parallel of the Sui or 
Stats Declination, which is Sal as is the Zenith Diſtance; then 
ZE equal to the exceſs of 2D the Zenith Dikanes, aboye DE the 
dae & equal * "Rr Height of the woe above the Horizon.” 


N 3 . Example the. It 


_— Being in Se ti * 4885 1706. charts A 
the Sun is 23% 04 9 We” eridional nich di neo. 
be 68%; 34 'Sourherly. 1 . 2 
Wr isthe Latitude of the Hae, or bree of Fihe b. 


de de Peelend = — — — 209, "og" eee, 


x. P e = * s 
lena e ng — — — 5 20 North 
* 7 | d 7 3 2 3 8 ; Af 4 | Ee 5 — 
2 . 22 
N  Exemple the a | 
©. : 1 S = = gf 


| "Ani 1 4 3itbof Mech Pa Org ne che Yon 
is 6% 8 North, 1 nnd the Megidiorial Z Ul 
wn 5 33 Weſt . * N . 5 i „ 


Pram ZD i Rete 2 che Benn 
Take E e 3 "2 * 
nen ZE oqul o 8 Hehe law. — 
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1 4 4. 
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| "OY, N 8 4 
Vs, 7 E rere 5 þ tha 


0 « -:.. Abe Decl ination be More <q Zenith 

D n wil / Diſtance, . then the Exceſs of the 

en 12 the Zenith 8 a 8 
e B of the place: 


by j rat w > HY 
i! 5% 5 ier . 
che Platten 2 — 20 Nor 
| 8 be Mentors cith: ae py 
55 2 e 
Then From the Declinativ hots oP a 236 . 20 North. 
I Zee Pane —< 14s 35 Non 


, nN : 77 8 A * ö 0 
ph Latitt 100 9 K ; wa n 2 5 N 
2 3 Fo $3. = | f he once" 7 2 IT v1 . 
, 1 p Ma $7 | * N AY: : 


In like manner, as in Fig. the uh, if the 
Delle D E had been 225, 20 South, 
and the 8 ao. iſtance ED, 


. 22 2 1 * 20˙8 


323 "Remains the APE 7. 258. 
| Deetination' iti Ss Sr Ht Zenith diam. 


8 l equal, and c that is, if one be other 
"om 2 their Sum is ms 22 f the pla ee 


bin Ne the sth if to 2 D the Ze 


a CE DE the Tg 
Dum * 18 ua "t Height 
dhe Pole e Haren, 45 


$i, E. Cocks 
189 


e 1 po ior 3 7 0 — 70 


eam h be Lace ene 


| ie e Ratz: 9 8 — — Tl 
Suppoſe in Fg cv 6rb, D E the Decli- 
nation, were 20%, 10 South, and Z. D the 
Zenich diſtance, Were 27", 20' — 2 


Then 


diſtance oN. 
ination 2 4 1 N 


12 D the Zenith 
AIDE the Decl 


Sum is the Latitude of the Place" $7; 38 = * 


If in either of theſe laſt Examples, it ha "OY | 
pen that the Latitude of the place be greater 
than rhe 83 of he Dedlination then nad? oy — 
* Set, 1 will hay ee Zenith d di 
the Pole, the Glee 15 
If in this Cafe you 1 to take the 
Zenith diſtance, when the Sun or Star i is Ap 
below the Pole 5 to CPthe * 
the Declination, add Co the 
ms tho Bumn i Þ th Haight of 
E. | 3 „ 111 nt 


* 


4 " 4 ” f 
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» the Meridional Aude N 1 9 
* 3 Far s: 44 li!“ 2 nxt hi 3 
| To the Complement of F 0 * 
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6 * "in Fig. the b, ik Co the 

1 Altitude of the Sar, be 220 Jeſt 
| n 785 30 North 
Ne T6 Do the greateſt Merid. Altirade 58 15 
0 % Add Go the 16 n Aletude— 22 2 


Half chat Sum ill be the Latitude W 
of the Place, orElevationof the Fole- ove 


. a x . Ir the Zane Ame be 
pl x oF Boar, or which comes to 2 8255 if * 
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. 3%. 510 H x bee 
| f theſe tive laff' Examples, as in Hg. | the BrÞ.) where 
8 Sts ahb Meridian on dt. fable of the Zenith. 
7; If from-DE th ination eee bs. „50 North. 
5 ge ſubſtracted D 


2Z D the neareſt approach of the 
S Zenith; or Which is the fame 


ö 11% 30 North 

thing, | | ith Diitance ＋— 188. 
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1 oz l 4 fe ww 1317 xt oF peck Su of 
| e Operations, the Zenith ſtances, a irades of 

vol IS 1 Cure chat! 
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be /Latitade: f Flas. 245 
fractions: And therefore, before the Altitude or Zenith diſtance 
Obſerv'd by the Quadrant be applied, according to the former In- 
ſtructions; they mult be all Corrected by R ions, as in the fol- 
lowing Table, which ſhews the Refractions to every Degree of the 
N or how much mutt be added xo the Zenith diſtances; and 
ſubſtrafted from the Altitude, Obſery'd by the Inſtrument, to obtain 


P, 


the true. 


_ -- ___ 
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„ - - a 1 4 * e 8 
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Comer - tht VARTATION, al he 
io | thods 2 n 1. * 


e vantage to the TIM 
"hana 4 ae nog 90 of the Maus Courſe upon which the 


o oth tes more N. ih than a 
Rea 1 alight tion of the Re Amp plitudes anck Azimuths 
of the Sun or Staus ʒ fince by the help uf his: he wilt be enabled not 


only to diſcover the Errors or Faults af his:Compu ls, if any there be, 
but by 2 Obſervations with the true Amplitudes or 
Azimuths, ow much his Needle points to the Eaſtward or 

ar nn of the true Meridian, er the Angle. 47 with it. 
| For, As the true itude Kas gu e Su or Star riſes 
or fets to the Northward or-Southward Eaſt or Weſt, num- 
der'd in the Arch of the Hori aon, and the A2 k the Angle; the 
Vertical Circle through the Sun er Star at any. time, makes 
with the Meridian, Which is meaſut d by the Arch of the Horizon, 
contained eee the Meridian and the Vertical Citele. So the 
Amplitude Obſeryd by the Compals,' ſhews how. much the Sun or 


Star riſes or ſets to thæ Northward or Southwafd of che Eaſt and 

Weſt, according to the Compats 4-and the Azimuth the Arch 

of the Horizon, contain d between thy Meridian pointed out by the 
cg and — e and · the 0 in wi ' call _ 

v d 11152 what is d the 
VARIATION. 

So that the Vier ia n Ah of ieee between 

the Inter ſettion af the Nieridian wich the Horizon, gor the true North 


and South Points, and the North or South Points pointed out by 
Needle, which is ever equal to the Difference berween the true Am. 
plitudes and. Azimuths, deduced from” Calculation; and the Am- 
plitudes and Azimuths obtain d by Obſervation with the Needle. 
How mm true Amplitude and Azimuth of the Sun or Stars, at 
any time, from proper Data, ma de obtain d by Calculation; has 
deen ſhewn at large in Se. 2. and Sed. 3. of this Part. And 
hows the E . and 2 or — — 
Azimu 


= 
— 


R 


PWR Og COMPASS! 3% 


Azimuth obſery'd by the Compaſs, may be found; is ſo very eafie 
INN nn Tue ho bout 
wou ous to: e e Ian - 
hiſten to neu how, —— te Aiſegver che true 

Variation x deu much the Neale: points ta the Eaſt ward or 
W Kad true North or South Points of the Horizon: 

1. If in cor g the true Amplitude or Azimuth, with the 
gene cud or Azimuth, they be found to agree,” then the 

| ea tue, and] there is O Vurinion. K. 

r Win om aring the An licudes together, viz. the Majgnedical. 
and True, they a. found to differ; but are rhe fame way ; that is. both 
North ox both Fauth, then their Difference i is the Variation. Which 
if it be at Jun filing, and the 8 be both North, and the 
Magnetical exceed the true, it is Eaſt; but if they are both South, 
and the tical exceed the true, ie is Weft n 

Thus in Fig: the 2 H & de the place Ti. theft 
of the Sun, K 1 Magneea Ampli- | wo. 
tude, and & E the true; it is manifeſt” 
that the true Eaſt Point is to the North- © 
ward of the Magnerical; and conſequent- 
ly the North Point pointed out by the 
e e to the Eaſtward of the true 
;th- Polnt, and en * [the Ja. 


riation 5 P trly. 
bb Sas a l 
2 * Magbetical Ampli 


the true Am itud 22 1 
Fre mY A0 mp 2 


x ow ; 


 Rerhains the. true 


* 1 ** 6. 4 os „ 
"= 
Variation — — — 


\ Bar ifs in bi, 4 2 28 b 
alt aue and Es the true Ampli- 


tud if 1 
the te Fac "of the T1171 „ 


— is do the Northward f 
Point of the Horizon d 
conſequently the n ** Wed. 


— 
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Example. 
| Aduic ce ue % Bu . ES. 
South, and the Ample ac Sim rf, CEL 


*From the Magnetical Amplinide-————— 29 „ 50 * South. 
pA ber — 55 South. 
| * 


A 


Remains the true Variation 9, 55 Welt. 
i the Magnetical Feu A n 

At rifing, they are both found to be South, and the the be b. 

exceed the Magnetical, then is „„ 


; both south, then is de erde Well * B- bee 
ü. e 34. Tha jets the 3d. ieee 
8 He Amp Southerly,” and Se the Mag- 


netical, it is e , ! ſt point 
. 8 to the Northward of che Magnetical, 
and conſequently the Variation is Eaſter- 


. N N 
EE 
. 4 . L 5 . g 1 4 244 ** 
=> _ ; , * 5 

ü * f 7 922 2 
1 L re, Ca 4 
- . 9 . * 14 

” — 1 

1 3 _ » £ is . he . 1. * 

> £ 2 * * x . 1 110 4 


1 1 a 
KI 13 $4 1 — * 


I fre de ere 8 . Lk * . 
Wn Be taken: gnetical, Tupgoſe'—— 19 05 00 South. 
4 | There e — — 15 Faſt. 


Sy Th OR. 


7 — , 


If as in Vie: Ide 475. B be the ue Am- 
ade, and S 3 it is plain 


f 4 3 Io this 'Caſe, that the Variation muſt be 
| NE Dm fince che Eaſt * of the 3 
. We, ks CIC L445! 


Wt = the true cops, cial as 18 TI North. 
6 Be taken the Magnetical, ſuppoſe —— . xo North. 


O14 £53 
There will remain the EVE dE 6 Weſt. 


ring the Amplttudes At fetting, the * al be 
gn: pos = if I SR Moore 


Thus 


4. . 
Four toe 
but if wad are both | ones the Variation is 


— 


The Variation of the COMPASS. 3349 
Thus in Eig. the 12. if © repreſents the place of the Suns ſetting» 
© w the Magneti lirude, and © W the true; it is manifelt, 
that in this Caſe, the Variation muſt be Eaſt, fince the true Weſt 
Point is to the Southward of the Magnetical. Wherefore. : 
If from the Magnetical Amplitude, ſuppoſe ——. 34?, 15 South. 
Be taken the true Amplitude, fuppole —— — 17, 15 South. 


There will remain the true Variation ——— 17, bo Eaſt 


If as in Fig. the 24. the Amplitudes at ſetting are both North, it is 
manifeſt, that the Variation is Weſt z fince the true Weſt Point is 
do the Northward of the Magnetical. Wherefore, 


If from the Magnetical Amplitude, 2 — 22˙, 18“ North. 
Be taken che true Amplitude, ſuppoſe ——-— 18, io North. 


There will remain the true Variation —— —— 4, o8 Weſt. 
5. If in comparing the Amplitudes together at ſetting, the true be 
found to exceed the Magnetical, if they are both South, the Vari- 
ation is Weft, but if they are both North, the Variation is Eaſt. 
Thus in Fig. the 3d. where © is the Sun, O W the true Ampli- 
tude, and © w the Magnetical ; it is plain that O is nearer to the 
true North Point then to the Magnetical; and conſequently the Vari- 
sion is Eaft. Wherefore in this Caſe: | | 
If from the true Amplitude, ſuppoſe -———- 22% 10 North. 
Be taken the Magnetical, ſuppoſe . 14, 30 North. 


There will remain the true Variation ———— 7, 40 Eaſt. 

If as in Fig. the 4b. where O W the true Amplitude Southerly, 
exceeds Sw the Magnetical Amplitude; it is manifeſt, that the 
Magnetic Meridian is to the Weſtwatd of the true, and conſequent- 
ly the Variation is Welt, N 8 
If from the true Amplitude, ſuppoſe ——- — 17%, 30 South 
Be taken the Magnetic Amplitude, ſuppoſe — 12, 10 South. 


There will remain the true Variation — .. 5, 20 Wet. 
6. If in comparing the Amplitudes together, they be found to be 
contrary ; chat is, It one be North the other South, then their Sum 
is the Vartetion , which if it be at riſing, and the Magnetical am- 
did de North, is alt otherwiſe M 

enen 10 A | Z Z Thus . 


WA 
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l Thus in ke. he 51h; where the Mag- 

netick Atoplitade Se is North, and 1 

Be, 2 Amplitude Es is South; it is plain 

„equal to Ny the ſum of the Am- 
bade is the Variation 3 


Wberefore, 


H the Magnetical Amplitae 8 were 15˙ 37 Nork,. and the 
true SE. 195, 4 South. 


To the Magnetical . e — —— 15, 3) North. 

Add the true Amplitude — —— 19, 42 South, 

Sum is the true Variation = Ea * = — 35 19 Haft 
Eg. the 6th. 197. 7 2 


| If 28 in Fig. the 6rh. the true Amplitut 
-— iſ E be North, and the Magneti- 
cal es be South; their ſum e E is the Ja 
riation Weſt, ſince the Eaſt Point e, point- 
ed out by the Needle, is to the Northwad 
6 of the true Eaſt point of the Horizon. 


Wherefore, 


If to as Magnetical Amplitude : $, ſappoſs — 22%, 30 South 
Be added the true Amplitude E $, ſuppoſe —— 12, 10 North, 


Sum is the Varietion = — — "Bad ++ © 34. 40 Weſt. 


If in comparing the Amplitudes at ſetting together, they be 
found to be contrary; if the om, t N netical be South, the Hr is 
Eaft, if North, the Variation is pike 


Thus in Eig. the 5h. where O w the Magnetic Variation's South, 
| and © W the true is North... +. 


If ro © w the Magnetic Amplitude, her 15, 37 ' South, 
Be added © W the true Amplitude, Wuppoke - — 19, 42 North. 


FRIED . 


The ſum Wm, is the true Variation ——— ——— 35, 19. kal. 
| Since the true Weſt Point, W 


. 


— 


1 


The Variation of the COMPASS. 35 
In Fig. the 6th. where © w the Magnetic Amplitude is North, 


and the true WO South, it is plain that their ſum Ww, equal to 
Ne at Fan To Ora 


745 ©: = © 1: Wherefore, 
it to O to . Amplitude, ſuppoſe —- 22®, 30 North. 
Be added © W the true Amplitude, ſuppoſe — 12, 10 South. 


Sam is the true Variation — — — 34. 40 Weſt. 


8. If in comparing the Azimuths: taken at any time, vis. the Mag- 
netical and true, they are found to diſagree, their Difference is the 
Variat ion; Which if it happens to be in the Forenoon, and the true 
Azimuth number'd from the North, exceed the Magnetical counted 
rom the ſame Point; is Eaſt, otherwiſe Welt. | — 


Thus in Fig. the 1/7. 3d and 51b. where 8 N the true Azimuth, 
exceeds & the Magnetical; it is manifeſt, that the true North Point _ 
is to the Weſtward of the Magnetical, and conſequently the Varia- 
tion is Eaſt. - _- t | 
nf Wherefore, in this Caſe. 

If from the true Azimuth, ſuppoſe . 98%, 20 
he taken the Magnetical, ſuppoſe 56. 15 


— (— 


There will remain the true Variation — 22, o5 Eaſt,- 


In Fig: the 2d. 4th and 67h, where $ z the Magnetical Azimuth 
exceeds. $ N the true; it is plain, that the true North Point is to the 
Eaſtward of the Magnetical, and conſequently the Variation is 
Weſt. . herefore, 

If from the Magnetical Azimuth, ſuppoſe— 97 3555 

Be taken the true Azimuth, ſuppoſe - — 92, 20 


There will remain the true Variation — — 3, 15 Weſt. 


9. In comparing together the Azimuths in the Afternoon, num- 
ber d from the North, *the Magnetical exceed the true, their differ- 
_ ence is the Variation Eaſt; but if the true exceed the Magnetical, 
their Difference is the Variation Welt. ee | 

I; GL A Thus 


— — 


- 
— 


4 — 
4 . 
, - 
- 
. 
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Thus in Eig. the 24 and 5th, where © the Magnetical Azi. 
math, exceeds ON the true; it is manifeſt; that the true North 
Point muſt be to the Weſtward of the Magnetic, and conſequently 
the Variation is Eaſt. A > ae "> 

3 Wherefore, in this Cafe. 
| | 1 


If from the Magnetit Azimuth, ſuppoſe ——=-—2g06*; 34 
Be taken the true Azimuth, ſuppoſe —— — 102, 13 


There will remain the true Variation ——=—— 4, 41 Faſt, 


# ” 

If as in Fig. 2, 4 and 6. the true Azimuth from the. North in the 
Afternoon, vis © N exceed the Magnetical Azimuth On; it is 
abundantly manifeſt, that the true North Point N, is to the Eaſtward 

of the Magnetical ; and contequenyy-the Variation is Welt. 

CALLS. COS 4 : 


Wherefore, in this Caſe. | | 
of, 133 188 Ir. % * - i 5 
If from the true Azimuth, ſuppoſe . 127 44 
- Be taken the Magnetical; ſuppoſe —— — 1, 30 
There will remain the true Variation — 15, 14 Welt 
} | . * 1 ' . . . 


If inſtead: of Numbring the Pont f Sun riſing and ſetting from 
the Eaſt and Weſt, it be Numberd from the North; theſe two laſt 
Laws which relate to the Azimuths, will hold good in the Ampli- 
tudes: And all the Varieties that can poſſibly happen, will fall under 
one of the two Heads; which for its great Simplicity ought to be pre- 
ferr d, altho the Induſtrious has been gratified with bo. 
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eee eee eee 
12. 532 9 12.7 12 2.786 | 
142.7923917 Ens n 
Iz. 837855 2. 2931 
4 _ 12.001800 2. 80685300 
- | 28129133 1.813580 


FE 28202014 = 5 
2.260748 2287123 12381778 


28221581 


2.882524 
8 8881 . 1 
2855 067. BY 18 +: 
©} 309922732 -| 2, 
29100905 


| 2-9143431 | 2 8-| 2-9153998 29159272 
2.9190781 [ 2. 9198010 2201233 een ie 


4.523478 | 2:9247960. | 29253121] 2828876226344 
| | $320 2 2:9399490 | 2-9314579 


from i ta 10000. 


_— 


” a | 6 — TY : f 
43 - | 6384852 | 76794865 |  2-6404814 || 1416, 2.5 7 5 
44 | 2.6483600- | 2.6493348 — 2.65127 : 3 
45 | 2-6580114 | 2:6589648 > 663169 2. 5608655 | 2.6618127 
245-74 1.783578 2.66838 59 93169. | 2.6702458 2.67117 28 
47 * 60936 | I 1 6785184 873 2. 6803333 
8 | 2.6866362 [2.687590 |  2.6384198 26893088 
* 5 5 | 2,6954817 0 - 2:6992297 2.598100 
0 -1'2-7032914 | 2.7041505 | 2-7050079 2.705863) 2.067178 
1 | 2-7118092 | 2.7126497 | 2-7134905; | 27143297 2.715167; 
58 2.7201 59 2. 7209857 2.721810 2. 7226339 1.717888 
533 sss | 2.7291647 | 2-7299743 | 2.737822 2.73 15888 
L4.. | 27363995 | 2.7371926 237997] 8578 — 
55 | 2:7442930 | 2-7450748 | 2:7458552 | 2474 15 2.747418 
56 | 2.7520 pt moor 2.7535830 | 2.7543 2.7551123 
57 | 2,759 2760 2.7611758 2.7619248 2.7026700 
58 | 2-7671558 | 2.557 976 2.76863Br [2.693773 | 2.770115; | 
59 | 2-7745190 | 29752462 2 7575 2.726701 | 2.7774268 
60 — 2125542282226 | 2.783 1887. 2.7839036 | 2.784677; 
tr © | 2.788551 || 7.780530; 247902052 2.909885 . 
62 2795 27965743 N 2. 979596 | es 
1827737 [2.803421 41394 48206 2.80% 5 
2.809 550% | 28102325. 2.80; 4.377755 2.812244 
e | 2 2 | 1 bay - 54 
28228216 | 2.0234742 | 2.824125 2 8247765 | 2.825426x 
"28293038 | 2.82994 1 2.830887 2.83 12297 E Ty 
2.83 58906 363241 2,8369567 2 8375884 2.83 82 192 
þ 2 8416868 | 4 53.0 28432328 2.84385 | 248444772 
2.848189 } 2.8488047 2 5150 2.8500 332 2.8506462 
| .8543060 2.3549130 82370 2.861244 ys abs £4 
| In 2.8609366 8615344 | 2.86213 14 28629275 - 
: 2873 | 28568778. 374 4575 | 2.868056 1 | 
28721563 2.8727388 wy x 3206 | 2.8739016 | 
| 28779469 28785218 8559 ][ 2.876892 2.88024 18 
2, - 2.88422.88 7953. | 28853612 > 8859263 
28863017 2.889861) 1 ee 2.890979 2090 5374 
2.89 895425 | 2:3959747 2.896526z2 | 2.8970770 
| | Z:900 71 | 2.9009 131 | 2.9014583 2.9020029 22 2p fy 
2-9057959. | 2-9063350- | 2.9068735 | 2.9074114 ry Me 
 2.9ITI576 [2.911690 | 2,9122220 2.9127533 | 2.9132 
2.916 $39 2. 9169800 | 2,9175055 2.9180303 2.91 None 
2.9210865 2.9 222063 2.9220254 2. 9232440 | 2,9237620 
2-9268567 | 249273704 | 2-927 -+Y Be « 3958 | 2.9289077 . 
I 2. 932980 


2 2 19811 . 


2 


9 


— 


| 
A 174 BLE f Lenin 
, 2 — 

; ; | 1755 2:5 $5973 | — EAI 
7.93 44904 2.93 50031 *93 A tg 29415114 
2.939519 12.4181 | 8418 85 . 4 — 3h, 

128447 |. 29449759 2.9454 15758770 4 4M 
29493900 | 29498777 8883 . 9508514 | 255787884 
2.95424z5 HY 2.9552005 | 2955 77 * 4 
19590414 2:9595184 | 2:23995 2 2 955 

gz 19837878 79642596 29047309 N 48 
93 29684829 9694 79 29698 15 | 29749729 
94 29730276 733896 2-97.42 48 1 7 
95 777235 [29781805 * 1.983626 1 507 
5 > , 27234 5 > 288720 5 1.588705 
1 9867717 2 9872192 2.987666 3 2 = 557 
758 —— 9316690, 91175 2 . 
8 | 2999090 “ 969730} ES 3913099 128485 
100 | 39099909 3+-200434l — 1805 3005009 3.00603 79 
101 _ | 3-2043Þ14 | 475 — are . 30102999 
102 3.008500 |} 3.99823) Fe hs + 2 dere 
103 32. 2 11 8 | IEEE | 7.182843 | 3: 99 7 
104 317335 39174507 ** 3.0724 3-022.8406 
105 3211893 3,9216027 | N | 30265333 | 3 269416 
oy 35193838 Fo 0257054 J. 14 3.0305 3.03 004 
107 | 3-0293938- | 3.297895 7010; | 30346 8 3.03 5093 
a 71825 Be 1252225 2 Del 
109 74265 | 3» | | 32 I 
116 3473927) 354.773 ee 3.0 60% 30046885 
1 15 OLA 3.518038 3.0507 3.050783 
112 | 3-94P? 3-0496056. | 574 555170 
113 3.3307 3.053452 Tg | 79545125 
114 | 3-95999 3.0572856 2818292 114265 
115 o606978 3.810733 . e 
_— 501855 4 8 3· 069 ZE 3.06966 t 
117 | 30681859. | 3-9685509 8 Ene 
$28. ene e | | 1.57 3 
10% 3.0755 70 12 | Ee 1.5085 1 
0791 d | 3. | * 
IT | 3.062785 2.083 144T 6 | f 5885 e 
12 8857157 [8 3.087464 | 3-0877914 
122 25758 3.0097 14 3552861117 
n e | 30937718 6 13.944711 | J. % 704 
124 3.5117 353777 1 J z 
12 3.959100 pany” | 1 3 20140 f ; | 31967473 | 
1041453 4 87t | 2 TY | 3-1951098 
eee | probe | 


. fro 3-to 10000, 
Nun. e + 8 l 1 
8 25370751 | 2-9375179 | 2-9380191 [257 LE of 
87 | 2:9420080* | 2-942504r | 2+9429999 29434945 > 439 
83 | 29409433 ö 2.577 | 29479236 | 2 7 2.94870 
89 51813 ¼ 29523080 957924 2 9532703 229537597 
90 | 2.9566486 z.957128z [2.976073 | 2.9580858 2-9585539 
or | 8514111 2.96189 55 | 2-9623093 | 2 9628427 | 2.9033155 
1 29851417 2.9886 TT 2.96707 97 2.967 540 2. 9080157 
93 29708116 2978827 | 2.97 17396 2. 9722028 2.726656 
| os 2.97 54318 58911 2970 3500 | 2.-976B0B3 | 29772662 
95 |} 295 34 4579 | 2.809119 | 29313655 [28818186 
90 8895575 me Le | 2.985 4265 | 2-985 733 2.9863238 
27] | 2.9B94 2.989 46 2.990330 83 2.997827 
98 5 993 4302 2-993B76g | 2-994317: | 2.9947569 | 29951963 
99 2% 0 | 2-998 593, | "9985957 | 2 88213 | 3:9995055 
roo | 30021651 | 3-0025980' $ 3-0030295. - 3.034805 3.00389 11 
10 3.06 4660 | 3-0068937 J 3-0973209 | 30077478 3-0081742 
102 3.0107239 | 3111473 [3115704 | 3'ollgggt 30124154 
= 2 28282 4:2257787 285 316815 
9 30191163 3.193377 3. 0199467 - ogy 3-0207755 
| 302325 24 3-0236639 J 30240750 167710 3. 0248960 
| 3-027349 3-0277572 | 3-0251644 5712 | 3-0289777 
105 3031485 | 3-03! 13 3.322157 5-0326188 | 3.330214 
168 | 3-2354*97 | 3-03 5829 3-0362294 | 3-036628g | 30370279 
109 | 3-03 24141 8105 + RE 3. 2400023 2842272 
10 3-0433%3 ene: 1 5752 3.445358 6488787 
3-0472749 30476642 532 | 3-0484418 3.488301 
112 3.511525 385153 3.5719239 3-0523091 30526939 
111 | 3-9549958 | 3-2553783 EF 3-05 57005 3-056142g | 3-9565237 
114 | 30588055 3 0591846 3.595634 3-0599419 3Z-0603200 
113 | 3-2525820 3-0629578 | 3-0633333 | 3-2637085 | 32640834 
13888577 | 3-0666g85 | 30670708 | 3:0674428 3.678145 
' 30700379 | 3-0794573 | 3-0707705 | 30711453 30715138 
340737183 | 3-0749847 ] 30744507 30748 — 3.071878 
ng | 3-0773679 | 3-9777312 | 3-0780941 Te 84558 | yl "pps 
no | 3809870 | 30813473 | 30017073 2066g 3886453 
12r | 3-0845763 e 15888555 3.855471 3:9860027 
III 3.0 1361 3.0884905 __ 3.08919 3.089559 
123 3.916869 3.920185 10 3.09272 30930712 
124 | 3-0951693 | 3-0955180 | 3-995 3.0962146 | 32365624 
125 | 30986437 | 3-0 7 0993353 3.996866 3. 10005 
126 | 3:1020905 [31024337 3. 10277686 3. 1031192 J 31034616 
3.10551 3.10585 3. 1061909 12 1 3. 1068705 
32889231. 32092419 3.1788 3-103915p | 8 
— — — — 1 , 0 


. A... 


8 


4 Table of Lain, 


Num 0 7 2 r 
FR — | 5 == | 1115985 71119775 
130 J 3,1139433 J 31142773 [34146110 31149444] 31152776 
izt 3.17223 [ 3.1176027 [3.179338 | 3.1182547 [31185954 
432 [3.205739 | 3.1209028 3.122344 | 3-1215598 3. 1218880 
133 31238516 | 3,1241780 | 3.1245042 bt op 3-I251558 
1 21221948 J 3,1274288 341277525: 28975 | 3.1253993 
135 3-1303338 | 3.1306553 3-1309767 J-1312978 3-1316157 
136 | 3- 1335399 | 3-133858r | 3.1341771 | 3-1344958. | 3-1348144 
"37 | 3-1397205 | 3.1370374 | 341373541 | 3-137670s | 3-1379867 
139 [3,1398791 | 3 1401937 3-1 405080 | 3.1408222 | ;. 1411361 
139 |} 3 14301 31433271 3 1436392 | 3-1439514 | 3.144228 
140 31461280 2 1464381 2:1 467480 | 3:1479577 | 21473571 
141 | 3-I492191 31495270 | 3-1495347 | 31501422 | 3:15044594 
142 | 31522883 3.152594 3.15289 96 3-1532049 | 34453 5109 
143 } 3:1553360 3+1 556396 31559439 | 3-1562402z | 341565491 
144 } 31583625 | 2:1586640 3-1 58g0 33-1592 373576 
145 31613680 3. 1616674 | 3-1619666 | 3-1622656 3.1 625644 
246 | 31643528 | 2.1646502 | 3-1649474 | 3-1652443 —— 
197 18761277 79078 | 3-1682027 4975 
148 3-1702617 | 3.1705550 | 3-170848z | 341711411. / 3.777435 
149 31731863 31734770 7688.78 3'173 56 
150 | 3-1760913 3. 1763807 | 3-17665gg | 3.17699 3.177478 
151 3-1789769 3.179645 31795518 | 3. 1798389 3•1801259 
152 31818435 | 3.1821292 2824146 3-1826999 31829850 
153 31845914 3-1849752 3.1852 588 [3.185542 | 3-18582z53 
154 31875207 | 3-1875026 1888844 3-1833059 3.788647) 
15 | 31993317 | 3. 196118 | 3-1998g17 | ICS 3-I914510 
156 CO I9312.46 | 3. 1934029 EL 1936810 | Z-I93 | 3+ I942367 
157 | 3:1953996 | 3.1951752 | 3-1964525 319 7267 | 3:1970947 
1-58 - | 31985571. | 3.1989319 3:1992065 | 3: 1994809 | 321997552 
155 | 3-201399T | Z-2010702 J 3.2019431 | 32022158 3. 2024853 
160 32341200 3.2043913 3.204662 | 3:2049335 32052044 
| 161 | 32003259 | 3:2070955 | 3-2973650 | 332076344 | 3.2079035 
162 3.209510 32097830 | 3-2100308 | 3-2loz185 | 3.2105860 
\ 763? |. 3-2121876 | 3.2124540. | 3.2127201 | 3 32125862 34132521 
164 228438 32151086 3.215732 22188326 32159018 
r 3.217439 3.2177471 Air 3.218728 | 3.2185355 
|. 166 3.220108 3. 2203696 J. 3. 22063 10 113.2208922 | 32211533 
167 32227165] 3.222974 3.223236; | 32234959 | 342237554. 
168 | 3-2253093 | 3. 2255677 3-2258259 | 3-226084x | 342263421 
169 © | 3:2278867 | 3.281436 | 3:2284003 J 3-2286570 | 3.228913 34 
I70 +: 2304489 3+2307043. I; «2309596 [32312146 3.231469 
— 2.9 — . DeeDee 


— 


8 3 8 

| ' 3-11269550 |. . 4 3.113274 hare ee rs 

| ; [13-11 59432 | 3-1162756 | 3-I16* 97 | 3.1169396 
| | 31192559 | 128% | 3.r1gonge Þ 3.120248 

1225 1228709 ;. 1231981 | 3.123 5750 

37288384 | iter 3.126 * 3.126780 

1290450 3.12 3.129889 13001 19 
i en ee 

35 | 3-13T9393 | 31322597 [31325798 | 3-1328998, | 3-1332194 

135 313571326 3-T354507 | 3-13 57685 | 3-136086r. | 3.1354034 

13 3.13830 | 3-1380184 | 31389339 3.139240 | 3-1395643 

13 3-1414498 | 3-141763z | 3.1420765 314238956 | 3.1427022 

139 31445747 | 3447587 | 3-1451964 | 3-I455072 ö 31438177 

140 1 $1476763 | 3:1479853 | 3:1482941 |- 3-1486026 | 31489110 

i= 7877585 564 {Fog 4 3-I513%g8. | 3-1516762. 3T 519874 

142 | 3-I538149 | 31541195 þ 31544240 [31547282 | 3.1550322 

143 | 3-T568519 | 31571544 | 31574508  3-1577589 | 3-1580508 

144 | 3-7598678 | 3-1001683 | 3.160468; | 3.1607686. | 3.1610684 

145 | 3-162863o | 3-1631614 | 31634595 | 3.1637575 1.267773 
146 J 3-1658376 72855855 285585 | 2:1667260 3.1670 218 

47 857578 3-1 31693805 | 3:1096744 | 3-109g 

AS 3-1717264 3.172018 + 1723110 31726029 31728947 

| 3-174641z | 3-1749316 | 3-1752218 | 3.1755118 | 3.1758016 
| 3-177536s /| 31778250 þ 3.781132 3.178013 34178689 2 
3.184128. 3.18099 | 3.1309856 2407125 3.1815578 

3-183 2698 | 3-183 5545 | 1838390 | 3-1841233 [ 3.1844% 

' 3-180x084 | 3.1863012 3-1866 c 3.187275 

3. 1889285. 3.1892095 [ 159 89 3.190514 

154807 494757 . 34858728 
3194743 | 3-1947917 SET 0: 

- 3-1972806 | 3-197 $562. (8. 8070 | 3-1983821" 

Erg; r 2208 22011239 
13.527697 1 1 7 3.20330 8 2255713 

|. 32254750 |. 3-2057455 | 3; | | 3-2065560 
3.28725 | 3-2084413 |. 32087100, | 3-2092468 | 

1.3. 108534 © 3:311 20g 321 - | 3-2116544 [32119 211 

| 1 9.3•2137833 |, 3-2 149 | 3:-2043039 32145789 

| I\ {2215638 221 935 "3:21 9572 1222886 

19 3.219003 [3 · 2193225 EET | 3-2 198464 

| 3- 32216750 32219355 [3.222193 .þ 3-2224563« 

. 48 48 32245331 þ 3-2247920; 3-22 50507 

| 999. |. 3:2208576 | 3:2271H1 5h Þ 3.273724 Þ 3-2276296 

269 3.229167 |. 3-22942-58 14 3.22999 ;. 230⁰ %“ 
170 J 32317244 3:23 19790 375 2335 43.232 1.132741 © 
713.2342641 3.234517; | 3-2347703 3.23 50132 3-2352759 | 


B b 


_— 


—— 


2 A Table of Lau, oF 
is | — N | _ Es 
Num | 0 I'S 5 . Ky pj, 
7 | 32389 Rafe! Fi h 3-2365373 


| 222, | 323 3-2382997 | 3-238 $479 3.238798 3-2390491- 
174 | 3-2405492 | 3-2407988 [43.24r048r | 3-2412974 3-241 5465 
1 375 | 372430380 3. 432851 | 3.243 5341 | 32437819 | * vox ++ 

176 | 3-2453127 | 3-2457593 | 3-2460059 | 3-2452527 | 3-2454986 
3:2479733 | 42482180 | 32484637 L477 32480536 


177 
775 (i 3-2504200 32 505639 f 3. 2509077 32711513 N 32513948 
| oh 3-25aH530 | p64 £47 , 3:2533390 | 3-253 5803 T6 og 
i50 | 3-2552725 | $9137 | 3*25575 32559957 | $*2502305 
181 | 3.-2576786- 32579184 


3-2 58158; | 3.2583978 | 3-2586z: 
182 [3.260074 | 3+ 12828885 | 32505484 [ 3 2807880 a 3.267035 


183 [3.262451 2626 3.2629255 32631625 | 326339 
184 | Laach 3655570 a6 80 \ 3-2652896 | 3-265 F253 2657885 


— —— — 

— 

Y 

A | 
wa 

Lad 

S 

IJ 

— 

— 

— 

> 


207] 8 3-307 490 3 3. 2670410 | 3-2678754 | 3-2681097 
186 * 3.3695129 | 3-299746 | | 3-269979 3.270218 | 3-2704459 
2 | 32718415 | 3.2720 3.277325 | Jams 37832727696 


3.27 158 3. 2743888 3.2745196 | 3-274850z 3.275009 
189 _ | 3.2764618 | | 2278 1 3.789211 32955 3:2773800 
199 _ | 3-2 7536 |} | 3.2789 3.279 2105 
191 4 32810334 3. 18 184 2 14879 |. 
192 32833512 3.28 8 | 
1 5 2857823 | 3. 

| 296 17 | 32580255 
. — 3-2900346 485 


. 
e 


58 
«+». ww 
uy 
oy . 
oF 
© 
%J} ww 
— — 
oy 


I 796 of. 3.292261 | 34945886 332931415 
18 | 329 75 3-294 3-2953471 
| 798. 3.29660 8845 32977417 
199 3.388537 3.899711 | 3.29972 51 
3.30030 391241 ;. 8809 33018977 


20r_ e | 2ergrar | 13249597 
203 3-3074960 3-3977099 33079237 | . 3-3983 509 

. 204 | 3+309630z | 33 Z0 | 3+3100557 | 1.3102 3-3 104509 
1205 |] . 3-3117539 [3311 151 2 85 3. 3120004 


33121274 
200 | 3.313 72. 13161801 8 3.314 87 331 3+31 
| 207 | 331595023 1 89 _ | dhe 
15 708” EB 228575 72155857 EEK 3.31877 


| 209. 33201463 .3+3203 540 | 3-3205617 692 | | $:3209707 
| 230 | 3-3222193 | 3-3224200 | 3.3226327 | 33228195 33230457 
| 21x | 6 | 

| | 3-3242825 | 33244882 3:3246939 33275 13257375 
212 | 3-3203359 33287407 175 125 3.3287585 33271547 
1.27 3 3.385758 332838343 3.328990 | 3.32919 
214 4 3-3306167 | 3.330819 LI ZZLDI95  3:3330222 | 3-3312240 | 


ä — 


— 
8 


From 1 to 10000. 


. = — d: i om 
N | „ ee | . — 
— | 576 714 1 7277803 2 9 322 
| 173 3% 3.239747 | 3-23979 mow 22 
| | a 2425414 | 3-242789 
174 3 142505 2 44158 | 32450185 4 
"75 1 65 | 3-2474823 | 3247227 
2 «2472365 
176 [23 FD 2 891 34458874 9937 | 3:2501759 
178 $3510. 342513814 325216 34% e 
. 06 325 7481 3.2 4 
1 % | 323071724 175787 34571987 344774 
| 181 3. > 2288766 3-259II58 9 12 5 . 1 118 
| | 6 3.261 32617385 
i; | 22636; 3 3-26z0727 | 2:2641092 | 3:2643455 | 4.264588] 
.— 3-2659964 3.2862; | 2 — 32669369 
183 3.26834 9 | 3, 8 3268011 | 32690457 3:2692794 
a „„ ng pals | HnR | Lere 
„272001 3.27323 3273 43 | 
18g | 171771 3-275 497 3-27 57719 | 3-27%0020 32792450 
| 189 _. 3-2776092 +27 8 e ns — $2 - 
190 172827808 a 1 | 3280 3-2830752 
ie ; 3-285 1070 | 3-2853322 
1. | 3g 40 3-2873 538 | 32673778 
"3 --: * 158 3. 2895889 as, 
I. 194 3-2912468 | 3-2918127 | 3:2920344 
= 3-2933626 | 1 ef 12 
1 — . 2 32979791 ; IKE 129 
| 2 O . 
199. 488842 3.30 6% 3003787 $35. LY 33058138 
= Z+302 3-3925474 | 3-392 
200 3+302II44 | 3:3 _ 378 | 3-3040212 3.3051 
| 201 | 3-394275T | 3:30 SY 59 de 887855 
2 | 3+3970079 3.307280 
| zoz 3 135555 33088537 87 
2 33 — 4 3.389910 | 3+ 
ee, 3Z+-3 10693 11 ho 33211178 3311359 2 1857 
104 33128118 | 343130231 | 3.3132343 | 3˙3134454 ;. 113 805 | 
] 206 | 33149200 3-3151303 | 33093495 | 33755505 4 
207 3 g: 3:3172273 | 3:31 $233 10459 23312834 
2 1921 1475717 | 3+3197305 | 3-3199384 
| 2 33191001 | 3.3193 143 + 3+3218055 | 3. 24 
109 3-3211840 | 3.3213913 3. 3215984 | 238708 32 
111 4.211% | 3-3234584 | 3:3236645 3.327543. PE 3240766 
1 Et Þ 3:3275648 3.327655 33279018 | 33267755 
207 N 3335 [3329 op 58 45 | 343390077 5.322384 
ane 


3331629 3-3318320 3.3320343 323322364 © 


Bb 2 


4 t 


A Tabie Ab 
O I | NT b Þ * | 
— — . — — — — — 
| 33324385 33326404. | 3-3328423 | 3332440 } 3-3332457 
33344537 3-3346545 | | 33348557 | 353350565 | 3-3352572 
3+3364597 | 3-33065983 | 3-3363398 | 3-3370597 | 33372595 
3+-3334365 | 3-33 $6557 | | 3+3390537 J3.3392526 
| 3340444) 4 33496424] 3» 3-34103 3-3412366 
3:3424227 «3426200 -| Z- 3330145 *J 3+3432116 
33443923 | 3249707 3 1 3. 15751 17771755 
132 46 3530 . 554 235 N 69 95 3 3471 
33483049 | 3* 3484996 3-36 3+-3488 1. 86h 
3.3 502480 [3.3 504419 | 3.3 506 3.3 508293 2 
| 2 3.54352 32 8. 23382 
541 33 430 1 5" 2 4 45 233 764 
3-3 500259 | 3-3502171 335688; 3-3 505994. 3+3567905 
3-3579348. | 3-358i25z3 | 3+3583156- 3-358 5059 3.358696 1 
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39 | 3:315 3.73 16693 | 3:7317499 | 3:7318394 | 3-73 19109 
540 * 3+7323938 | 3:732474> | 3-7325546 | 37320359 | 347327153 
54 | 3-7331973 | 37332775. 3.533778 37334380 | 3.733518: 
342 | 3-7339993 | 37349794 | 3:7347595 3-7342396 | 3-7343197 | 
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545 | 37363965 3+7364762 | 3-7305558 e 123711 
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77414118 | 3-7474895 37475072 | 3-7476448 37477225 
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3-7604225 | 3.7604979 | 3:2995733 | 3:7506480 | 3:7907240 
3-7611758 | 3:7612511 | 3-7613263 | 3.7614016 3+70147%8 
3-7519278 | 3.7620030 3-7620781 | 3.7621532 37622283 
3.76267 3.762753 3.762928 | 3.762903 5 3.7629785 
3.763 4480 | 3.763509 37635777 [37636526 37837274 
37641761 | 3.7642509 3-7643256 | 3+7544003 || 3+7944750 
| 704923S 76 6. 37850722 3.765 1468 3:7652214 
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3.7664128 | 3.7664872 3-7655616 3.76663 59 | 3-7007102 
3-7671559 | 3.772301 3768 3-7673785 | 37874527 
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37686381 68 3-7687860 | 3.7688600 | 37689339 
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3-770II53' 3-7702627 | 347703364 | 3.770410 
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3-7715875 | 377165610 | 3+77173 3-7718079 | 37718813 
3.7723217 | 3.772395. 37724684 | 3.7725417 | 37726150 
37739547 | 3-7731279 | 37732 | 3:7732743 | 3:7733475 
| 3-7737864 | 3-7738596 | 37733326 [ 37749057 | 3:7742788 
3-7745170 3-7745899 3.774859 | 3.7747359 | 3-7748088 
3-77 52463 | 3-7753191 | 3-7753920 | 347754648 3.775376 
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559 3-7478001 | 3.7498575 | © 1—— — = 
560 3.7470 37486557 1 {444 3-7480329 | 3-7481105 
351 | 3-7493498 3.744271 | 37495044 | 37498, | 37459354 
562. 3.750125 | 3.7501997 3.302709 37495817 3.745590 
563 3.788939 | 3.7509710 3.751948 3.751121 37777577 
564 | 3-7516639 | 3-7517409 | 3.751818 75188717 37512021 
569 | 3-7531999 | 3 7532766 3+7533532 3-752C029 | 57527397 
567 | 3-7539559 | 3-75494z4 | 3.754189 | 37534292 | 3:7535065 
568 | 37547305 | 3-754806y | 3:7548832 | 37547954 | 3:7542719 
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580 3.76380 223.7638770 3.7639710 3.732782 3˙7633531 
581 | 3.7645497 | 3-7646244 | 3.764% 76% 7618581 
582 | 3.7652959 | 37653705 | 3:1654450 | 37047737 | 37049454 
583 3.76654 | 3.7501153 | 3.766189 37055195 37235941 
584 3.7667845 | 3.76685 3-7669331 {oma 5 28 3355 
85 4.682885 . 85711 3+76767 52 „ 5 
2 3.768342 | 3. 7684161 [. 664. 6 
58 769 * 3768490137 85641 
. * . 3.368634 3.769 2296 37693033 
89 — 1 222824 3-7699678 37700416 
5 3+7704838 [3.7705 575 | 37700311 5770778 
590 37712199 37712934 37713670 272777 3. 7784 
Sor | 3:7719547 3.772028 3.721016 37754405 771 
592 37726884 | 37727616 | 3. 7728349 1.772058. 322 
593 | 3-7734297 | 3-7734939 | 3-7735670 3.784% 3.737733 
194 _ | 3:7741519 | 3:7742249 [37742979 3*773 — 1 
595 l | 3-774954) rs | HY 
190 | 3713510 | 3-775 | 3-7757560 | 5.7758:88 | 3.775g018 
7703379 [377041 776 K. 
$98 3.777042 1 | 7 pr 777879 37766286 
599 3.772789 377288516 3.7779340 | 3% 8, 3788785 
S | 3-77 5130 | 2705853; 3-7786576 | 3 1 
— 5 2 37723800 357794522 | 3-7795243 


* 


A TABLE of Logarithms 
. comms 8 ad 
Num O I | 2 3 $58 "<< 
002 3.779595 | 37790680 | 37797498 | 3-7798i29 | 7778855 
603 |} 3.7803 173 [3.78038 37804613 |. 3-7805333 {| 3-780605; 
604 3.7810369 | 3.78110 3-7311807 | 3.7812526 | 3.7813245 
605 3778175543 .7818272 | 3.7818989 | 3.7819707 37820424 
606 3-7824726 | 3.7825443 | 37826159 | 37826876 | 3.7827592 
507 22818872 3.7832692 | 3.7833318 3-783 4933 | 3:7834748 
608 3+7039035 | 3-7839750 | 3.7840474 | 3.7841178 | 37841892 
6og | 37846173 | 3-7845886 | 3.7847 599 | 3-7848312 | 3-7849024 
G19 3-7853298 | 3.7854010 | 37854722 | 3.7855434 | 3-7856145 
611 3.780412 3.786113 | 3˙7861833 | 3.7852544 | 37863254 
612 | 3-7867514 37858224 [. 37868933 | 3.7869643 [378703 52 
613 _| 3:7874605 | 3:78/5313 | 3:7876921 | 3.7876730 | 37877438 
614 347381683 | 3-7882391 | 3.7883098 | 3.788350; | 37884512 
615 | 3-7888751 | 3-7889457 | 3-789016z | 347890869 | 37891575 
616 3.789580 37896512 | 3-7897217 | 3.7897922 [3.7898626 
617 3+7902852 $-79935$5 3.79042 59 37904563 | 37995666 
618 | 3-7909885 | 37910587 3.791190 3.79 11% | 3-7912695 
619 | 3-7916906 |. 37917008 | 3-7918309 | 3.22121 3-7919712 
620 | 3-7923917 | 3-7924617 | 3-7925318. | 3.79 26018 | 3.7926718 
G21 3-7939916 | 3-793I015 | 3-7932314 |.3-7933014 | 37933712 
622 | 3-7937904 | 3:793860z | 37939300 |-3.7939998 | 3.79409 
623 | 3-7944880 | 37945578 | 3-7946274 | 3-7946971 | 3-7947668 
624 | 3+7951846 | 37952542 |} 37953238 | 3-7953933. | 37974629 
625 | 3:7958800 | 3:7959495 | 3:2960190 | 3.796088 | 37961578 
626 | 3-7965743 | 3-7956437 | 3-7967131 | 3-7957824 | 37968517 
627 | 3-7972675 | 3-7973368 | 3-7974060 | 37974753 | 37975445 
628 | 3+7979596 | 37980288 | 3.7980979 | 3.7981671 | 3.798236: 
629 | 357986506 | 3-7987197 | 3-7987887 | 3-7988577 | 3.7989267 
639 | 3-7993495 | 3-7994995 | 3+7994784 | 3-7995473 [3.796162 
631 3.800294 38000982 38001607 3-8002358 | 3.800304 
|. $32 | 3-5007171 3.807858 3. 8008545 | 3-8009z32 | 3.8009919 
633 3. 8014037 | 38014723 | 3.801 540 | 3-8016035 | 3.801678: 
634 3. 8020893 | 3-8021578 | 3.802 2262 | 3-8022947 | 3.8023632 
635 | 3-8027737 | 3-80284z1 | 3. 8029105 | 3-8029789 | 3.8030472 
636 | 3-8034571 | 3-8035254 | 3-803 5937. | 38036619 | 3.8037z02 
637 3-8041394 | 3.842076. 3.8042758 | 3-8043439 | 38044121 
628 | 2.0 8207 | 3-8548887 | 3. 3049588 | 3-5050248 | 3.8050929 
Go | er 3.805 5683 | 3.8056368 | 38057047 | 3:8057726 
40 | z-8051800 | 3-8062478 38063157 | 3-8063835 | 3.8064513 
G41 3-8068580 | 3.8069258 | 3.8069935 | 3-807061z | 3.8071290 
G42 3.8075350' | 3.8076027 | 3.8076703 | 3-8077379 | 3.8078055 
643 3.80821 103.8082785 3.8083 46038084136 38084811 
644 | 3.8088859 3.8089 533 [; · 8 | 3. 8090881 | 389915790 


—— — — 


From 1 to 10000. 


N um 5 | _ Hp —g/ 5 ws "= 
602 3-7799571 | 3-7800291 | 3-7801o1z | 37601732 | 3.780245 
603 3-7806773 | 3-7807492 | 3-7808212 | 3-7808931 | 37800855 
604 | 3-7813963 | 3.781481 | 3-7815450 | 37816118 J 3.7816836 
605 3-7821141 | 3.782185 | 3.7822 576 37823293 [3.7824010 
696 3-7828308 | 3.7829024 | 3.782940 | 37830456 | 3.7831171 
607 783 5463 [ 3-7836178 | 37836892 3-783 7007 22818327 
808 EE 42606 | 37843; 9 | 3-7844033 | 3:7944740 | 3.7845460 
60g | 3-7849737 | 3-7850450 | 37851152 | 3-7851874 | 3.7852586 
610 37856857 J 37857568 | 3.7858279 37858990 37859701 
611 3.2863 965 ] 347864675 | 37865385 3.786C 3.786680 5 
612 3.787 1061 J 37871770 | 37872479 3.7873 188 | 3.873896 
13 [22878146 3.287885 | 3:7879561 | 3:7990209 | 3.7850976 
614 37885219 | 3.7885926 | 3.755663 2 37887339 3.7 45 
615 3-7892281 | 3.7892986 | 3-7893691 | 3-7894397 3+7895102 
616 | 37899331 | 3.790035 | 347900739 79444] 37902148 
617 3-7990370 | 3.790707 33.797776 3-7908479 3799102 
618 | 3-7913397 | 3-7914999 3.714801 [7155 | 3.7916205 
619 | 3:7920473 | 37921114 | 37921815 | 37922510 Þ 3:7923216 
620 3-7927418 | 3+7928118 3.728817 | 3:7929517 Þ 3-7930217 
621 | 3-7934411 | 3-7935119 | 3.793 5809 | 37939507 | 3-7937206 
622 | 3.7941394 | 3.7911 | 3.7942789 | 37943456 | 3-794418; 
923 37948365 | 3-794906T | 3.7949757 | 3:7950454 | 3-795IL5o. 
624 3-7955324 | 3+7956020 | 3.7956715 | 37957410 3-7958105 
625 37962273 3.786.967 | 3.7953662 | 3:7994356 | 3-7965050 
626 3-7969211 | 3.7969904 | 3-7970597 | 37971290 37971983 
627 37976137 3-7976829 | 37977521 3.797823 | 3.7978905 
628 | 3-7983953 | 3-7983744 | 3.784435 | 37995325 3 7985816 
629 | 3-7989957 | 3-7990647 | 3-7991337 | 3:7992927 | 37992716 
630 | 3+7996851 | 3.7997540 | 37993228 3-79909 17 3+7999005 
631 3-8003734 | 3-8004421 | 38005109 | 3: 05790 | 35005484 
632 © | 3-8010605 | 3-8011292 | 3.8011978 3-B012665 | 3.8013351 
633 | 3-8017466 | 3-8018152 | 3.8018837 3-8019522 | 3.8020208 
634 3-802 4316 3.8025001 | 3.802 5685 3-902.6369 | 3-Bo27053 
635 3-8031156 | 3.803 1839 | 3.3032522 3-8033205 3.80 88 
636 3-803 7984 | 38038656 38039348 3.3040031I | 3.8 2 
637 3.80448 | 38045483 | 38046164 | 3:994545 | 3.8047526 
638 3-805160g | 3-8052289 | 3.805295g | 3.8052649 | 3-8054329 
639 | 38058405 | 3-8059085 | 3.805976; | 3.9060442 | 3.806121 
640 ;.8065191 | 3-806586g | 3.8066547 | 38067225. | 3.8067903, 
6ar | 3-8071967 | 3-8072643 | 3-8073320. | 3.073999, | 3.8074674 
642 3.808731] 3.807940 3.808083 3.80807 59 3.8081 434 
6433 380854853 3.8088 160 | 3.8086335 | 3.8087 510 3. 8088184 
644 3.809 2229 3.892953 3.8993577 | 3-8994250 * 3.094924 _ 


* 


- * 
— 2 1 


A TABLE 


of Logarithms 


— 


Num | — 2 
577 | 53553557 8867705 8 2 . 
9 3-8102325 of 7. pon 3 96944 3+ 97 17 
e ee 772% . 88 e 
oY . 420 8 L | 3 11172 
6 | 22 3.8123116 3 ' 3187725 43 
o5r 21 5 | 881355 3.8110 > 18721128 * 
652 8142 2 8 ——— e 
653 9 3-0143 142 3.814385 e 3-8130478 
054 38155777 FF 44 Per 453/444 41555 
5 010 p 0 3.8151 
656 3 8169038 $ £40307G 1720 3-21 57709 3-81 58433 
657 3-8175654 _ o%Q | 2 Ba 70308 13171225 47 
658 [3.818225 5126315 [ 3.8176976 28177878 28171885 
93.8182 3-3176976 | . 3-31770 
660 3.8195 4 | 3-2189513 18738175 3.81 13238184858 
661 8 439 | 3.819609 72 | 3-3190831 | 3.8191 
561 | 38104015 | 3:810397 | 38629128 | 3.80398 38198672 
7. 12 3-8209236 |- 8209892 3.87259 113.8204642 
653 . 3-8215790 > _ 0548 | 38211203 
665 3-8228216 1.8428885 1482230 3.822364 1.327150 
» " Jo | 4 23 224296 
667 3 3-823 5394 1872875 THIEN 38230828 
669 3.825 26 — * 3.824906 1.4 PE 3-82 43862 
67 3.82068 48 3-82 54910 [325555 Laine An 3-82 50364 
72 1 3-826722 5 : 8267072 3.826204 3 18 5 585 7 
82 ö q 68 82 
, eee e, e ten, ca 
e e 1828787 326853 e 
8595457 | 3-8293%r 3.254524 . 3-8289176 
* : r 3 3-2294907 3-8295611 
3˙83 122 7 | 3-2306528 | 3.8307169 3.855877 3. 8302036 
3-83 18698 | 3-8312937 | 3-8313578 5. 07811 | 3.8308452 
5 3.822 5089 38319337 3.83 19977 3 314218 3.83 14858 
_ 7 | 8325728 3.83 26366 F 38321255 
ebay ' 3-833210g | 3.8332 30327005 | 38327643 
3.844267 1.814 eren 
3.838561 5.8540 3 3.83454 33339754 | 3.834390 
2.83 56906 38351196 3.857857 3-214 | 3-23 40750 
3.8363241 3-03 57549 | 3-83 58174 85 $2465 | 3-8353100 
68 8 38363874 | 3-835 3-83 58807 | 3-83 59447 
7 | 3:835956 3-0324507 2 44 
329507 3. 8370199 * 2. | 3-030 5240 3.8365773 
| 3:8377463 | 3-8372095 


From 1 to 10000. 


Nam | G 7 MES Fi * 
3. 898962 | 3-5099635 | 3.8100308 8100980 38101653 
646 3.810568 [3.81063 57 | 3.8107029 | 3.81077 38108371 
647 38112398 38113068 } 3.8113739 | 3.8114409 | 3-31 15080 
648 3.811910 | 3.8119769 | 3.812c439 | 3.8121108 3.8121778 
649 3.3125792 3-8126460 Z-3I27129 3.8127797 38128465 
659_| 3:3132473 | 3:8133141 | 3.3r33808 | 3.8134475 4 

3-8139144 | 3-313981L | 3.5140477 | 3.8141144 | 38141810 

6532 | 2.B145805 | 3-8146471 | 3.8147136 | 3.8147801 | 3-8148467 
| 653 3.8152456 3-8153120 Z-3153785 38154449 38155113 
654 3.81 59096 38159760 38160423 38161087 38161750 
38165727 x en 3-3167052 | 3.8167714 [38168376 


8172347 | 3:9173S99 | 3-81736z0 | 3.8174331 3.81749 
657 3-B1789 58 3-3179618 | 3.8130278 | 3-8180939 | 3-818159g 
658 | 3.8185558 | 3-8186217 | 3.818583, | 3.8187536 | 3-8188195 


3-8192148 | 3-8192806 | 3.8192 465 | 3.8194123 | 3-819478r 
660 | > 81 38728 | 38199385 X $4486 3-8200700 382013 58 
on 3.8205298 2 5 | 3-8206611 [38207268 | 2207924 
2 3.8211859 | 3.812514 3.8213170 | 3-32138z5 | 3-0214480 


003 3.8218403 3-8219064 3-8219718 | 3-8220372 | 3-8221027 
9554 322970 3.822 5603 | 3.82262 573.8226910 38227583 


8231481 | 3˙8232133 | 3.823 2786 3.823 3438 3. 823 4090 
666 > 8238002 3-3238653 3-3239305 | 3-8239956 | 38240607 
MEER ESR 
Ze025IO014 | 5* 4 |] 3.0252313 [3.82529 8253612 
00g . 38 88154 3.825880; 3.87577 ITE 
670 3.8263988 | 3-3264635 | 3.826528; H 38266578 


— 


G71 8270460 | 3-9271107 | 3.8271753 | 3-8272400 | 3.8273046 
672 33 3.8277 569 1817. 38278860 3.8279505 
57 | 3.8283376 3.88421 | 3.8284665 3.82853 103.8285953 


074 38289820 3-829046z | 3.829110 3.829751 3.829239 
675 3.8296254 | 38296896 | 3.8297 539 3. 8298182 ; Saga 
676 3.830267 3.8303 320 3.83039 823.8304603 38305245 
677 3. 8309093 38309734 3.83 10375 | 3.8311016 3.8311656 
678 3.83 15499 | 38316139 | 3.83 16778 3.8317418 3.83 18058 
679 3-8321895 | 3-38322534 | 3.8323173 | 3.8323812 | 38324459 
— 388328287 | 3-8328919 | 3:8329558 | 3:8330195 | 3:3339833 
5 | 3.833469 | 3-8335296 | 38335933 | 3-3336570 | 3.8337207 
682 | 38341027 | 3-834166z | 3.834299 | 3-3342935 | 38343571 
683 | 3-8347385 | 3.834801 | 38348556 | 38349291 | 3.83 49926 
eat | 38353735 | 38354369 | 3-8355003 | 38355638 | 3.8356272 


&. 


83660 8360708 | 3.836134T | 3.8361975 | 3.8362608 
686 3.8366 35 3.836 : 8 7 8367670 33368303 3.836895 5 
| 687 ' 1 3.8372727 | 38373359 | 38373990] 3-8374622 


38375253 


T 
. 


cc 


—_—— 


4 . ol L 


_ ———— 


Num. | TA. [ ſ 

þ ©7388 ATED 8 8778 = 7 3-8377778 38378409 || 
685 | 3.838 2192 EET 822 | 3 3.8 855 1655755 \ 3.838471 4 | 
690 | 38388491 | 3.8389120- 3.2389750 . 3390379 | 3.8391 | 
6gr | 3-8394780 | 3.8395409 | 38396037 | 3-8396666 | 3.8397294 
692 | 3-8401061 | 3.8401688 | 3.8402316 | 3.842943 3.8403 571 
693: _ | 3:3407332 | 3.8407959 | 33408586 | 3.840921 | 38409838 
694 3-3413 595 3-0474220 3-3414845 | 3-8415472 3-84160g7 
695 | 3-8419848 | 3.3420473 | 3:8421098 | 3. 1 3842234) 
696 | 3-8426092 38426716 3.8427340 | 3- 3427964 3-842.8588 
697 3-8432328 | 3.8432951 | 3.843357 . HARE 3-3434819 
698 | 3-8438554 | 3-8439176 | 3.843979 445429 3-8441042 
699 _| 3-8444772 | 3-8445393 | 3-8446014 z. Ie 3-3447256 
700 3-3450980 3.845 1601 | 3.8452221 I 3.843467 
701 [3.845780 3.845780 38458419 3-8459038 3-84 59058 
702 | 3.8463371 | 3-8463990 | 3-8464608 | 3.3465227 38465845 
703 | 3-8469553 | 3-8470171 | 3-8470789 | 3.8471405 | 38472024 
794 | 3-8475726 | 3-8476343 | 3-8476960 | 3.8477577 | 3-8478193 
705 1 3-8482 507 | 3-8483123 | 3.848370 | 2848435 
706 | 38488047 62 | 3.8489277 | 3-8489892 1.458531 
707 | 3-8494194 | 3-8494808 | 3.845423 3.849603) 38496651 
708 | 3.8500333 | 3-8500946 3.850155 3.8502 172 19755 
709 3.850642 | 3.8507075 | 3.8507687 | 3.8508300 38508912 
710 | 3.8512583 | 3.8513195 | 3.8513807 | 3.8514418 : 8515030 
711 3-35 18596 3-8519307 | 3.8519917 | 3.8520528 3-8521139 
712 | 3.8524800 | 38525410 | J:B526029 3-8526629 | 3+ 0527239 
713 | 38530895 38531504 3-8532113 | 3-8532722 | 3-8533331 
714 [38536982 | 3- 8537590 3-8538198 | 3.8538806 | 3-8539414 
715 | 3-8543060 | 3-8543668 | 3.8544275 | 3-8544882 | 3-8545489 
716 | 3.8549130 | 3-8549737 | 3.8550343 | 3-8550949 | 38551556 
717 | 38555192 | 3-8555797 | 3.8556493 | 3-8557008 | 3-8557614 
718. 38561244 | 38561849 | 3.8562454 | 3-8563059 | 3:8563663 
719. | 3.8567289 38567893 3-8568497 3-8569101 | 3-8569704 
720. | 38573325 | 3-8573928 | 3.8574531 | 3-8575134 | 3-8575737 
721 8588355 3-3579955 | 3.858557 1.375777 38581761 
722 *| 3.8585372 | 3-8585973 3.858657, 97735 38587777 
723 3.891383 | 3-8591984 | 3.8592 584 85031 5 | 3-8593785 
55 3-8597386 3997985 3-8598585 38599185 1.38857 
Bas 32, | 03979 | 3: =457 30005177 9377 
726 3-8609366 | 3.8509964 | 3.861056z | 3.861160 38511758 
727 | 3-861 5344. | 3-$61.5941 | 3.8616539 | 3.8617136 | 3.867773; 
72 3-8621314. | 3-8521910. | 3.8622507 | 3.8623103' | 3.8623699 
729 38627275 1.367823 3-8628467 3-8629062 | 3.8629658 
739 38633229 587% 3.863448 | 3.863 5013 | 3.863 5608 
21 | 38639174 3 . 3-8640362 | 3-8640956 | 3.8641550 

Ma Il O 

732. 30045111  3-5045704 38646297 . — 3.847483 


— - 


Lee 2 


hg . rom 
Num. | 5 Fi ＋ — | | 
| 6837} 3-8 7 8 | 
| 63g 3.85 2 3.83 9670 3-83803or 3.8330 = Arc f 
1 630 3.83916 | 3-8385973 3838680 857 9", 3.338152 | 
2 2 1 8798 . 8791165 ; 
YZ 3.8404198 8 0 3. 399178 3.8 800 38394152 of 
G3 | 8410465 | 3: 404825 | 38405452 | 3.8400 33400433 | 
e e | 280097 | jag | Jah | 
„ . 5 148018758 857527 
696 | 3-8429211 813895 38424220 38 I ne 
697 | 3.843 54 3.438535 38430458 AHF 1 3.8425468 
598 3-8441664 | 38 - 93 38436887 3.84373 10 3-8431705 | 
| 699 _ | 3:84478 442285 | 3.8442 9437310 | 3-8437932 
12 4787728448498 907 38443 5293.8 
y 709 3.847481 8 498 | 3:8449119 3.844223 LF 4404 5 
a 701 3.846027 | 3+ 92.4707 3-845 5321 | 2 3:3450360 
] Jos | Lacan e enn. 
4 703 7 4 K 4 7081 3.846770 3.84683 3.84627 52 
| 704 43.878810 4 473258 | 3-8473876 | 3-84744 33458935 
1705 38484920 8485785 38480043 3-84 2 38475110 
706 38491122 125297778 3.848201 1.848581) * 4. 
2 eds e es 154 505 
503399 3 Jie ent 3.8782. 3.8499 106 | 3.843971 
709 38509524 3.8 oy T 3.850402 3.85052 38499719 
710 38515641 85 2 3351074 135243 4446.04 
7II 3.8521 38716252 3.851686 8 ann 
TT 12 7582422 L22278 132 Ae 
ä B527B4g | 3-8525450 | B 3:8523580 | 3-8524190 
7 | actors 3748830 EF bred i ne 
8540022 | 8 5 i 
715 3.854606 1 4344440 3.847845 3.8374 
716 3.85 51162 3.875 70 388547310 | $ eros 1 8548ʃ75 
717 3.85 58219 3.87 566 | 3-8553374 19 3.8528783 
218 3-8504268 3-856 B72 3.85 59429 | 3-856003 5 1.87805 
719 38570308 5 8 — 3.88175 3.856608 1.876 
720 3-85763 0 38570912 38571515 3.8572. 18 3D 
721 3.856233 5 3 0943 3-8577545 [385781 8 3.85787 £0 
722 385883 9 3.788585 3-8583'5%7 3.856413 1.878770 
723 i 38594385 285 8980 38589581 338 38584735 
724 3.805384 3 0294986 3:8595585 | 3.8596186 3 | 
2 | 3:8606374 | 3.850637? 3.885158; | 3.860218: | 3.8% - 
72 3.361 23 56 86.5 3:8607 571 z-86081 22 3.860668 
727 38678539 > 8619925 3813571388145 58674777 | 
-28 | 3-8624296 3-86189z7 | 3.861952 528 3 620,47 
Ng | 38955 | 199088 | 3910 | 3am 386607 
> 3.86362 | 3.8636 B63144z | 3-8632039 | 3:86 
731 13.886427 36797 3.863739 1 | 3-86 13 
ee 
A + 2 304 69 ' 38049262 864985 4554448 
þ $... 3-8650447 


1 — 


Table of Logarithms 
N 1 3 | "OY? 
38651949 3-3551632 3-80522 76 | 3-8052817 1.365; 400 
3-8651661 | 3.8657552 | 3-8658144 | 3.8658735 | 3.8659327 
3.865287 3.8663 46 3-8664055 | 3.8664646 -| 3.8665236 
3.866877 3.866536 3.86699 583.8670548 3.867 1138 
3:8674675 | 3-8675264 [ 38675853 3-867644z 38677031 
3.858554 | 3.8681152 | 38631749 | 3.8682329 | 3.8682917 
3.8686444 3-3687032 | 3-3087620 | 3.868807 | 3 8688794 
3.869 2317 | 3-8692904 | 3.8693491 | 3.8694077 38694664 
3-8658182 | 3-8598765 | 3.8699354 | 3.8699940 | 3.£700526 
3-8704029 | 3-8704624 | 3.8705209 | 38705795 | 3-87063to 
3.8709888 | 3-8710473 | 3:8711057 | 3.871164r | 3.8712226 
3-8715729 | 3871631 28218897 282124. | 3.8718064 
NN 3-8722146 3-3722728 | 3-8723311 |'3.872389 
3-8727388 | 3-8727970 | 38728552 | 3-8729134 | 3872971 
3-8733206 | 3-8733788 | 3-8734369 | 35734959 | 3-8735531 
' 3-8739016 | 3-8739597 | 3-874<177 [38740757 | 3-874133 
3-3744818 | 3-8745398 | 38745978 | 38745557 | 3-8747137 
3-8750613 | 3-8751192 | 3-8751771 | 33752349 3.875292 
3-87 56399 | 3-875697B | 38757556 | 3-0758134 | 38758712 
3-87021783 | 3.8762756 | 3.8763333 | 3-9763911 | 3.8764488 
3.87679 50 | 3-8768526 | 3.8769103 | 33769680 þ 3.8770256 
3-8773713 | 3-8774289 | 3:8774865 | 39775447 [3.877601 
3+3779469 | 3-8780045 | 3.8780620 | 3-8781195 | 3.8781770 
3:8785218 | 3.8785792 | 3-8786367 | 3-8786941 | 3.8787515 
3-8790959 | 3-8791532 3957105 3.879280 3.8793253 
3. 8796692 3-979726 5 | 3-8797838 | 3-879841tr 3.879898; 
3-8302418 | 3-8802990 | 3.8803562 | 3.8804134 3.8804706 
3-8808136 | 3-8808707 | 3.8809279 | 3.8805850 | 3.8810421 
3-8813847 | 3.881447 | 3-8814988 | 3.8815558 | 3.8815129 
3-8819550 3-8820120 3-8820689 3-8821259 3.882 1829 
3-8825245 | 3-8825815 28826384 8826953 3.8827522 
78838537 3-3831502 | 3.8832070 | 387635 38033207 
3-3836614 [ 3.883 7182 | 3.8825750 | 3.88383 17 3.883 8885 
8945 3.884285 5 3.884342 1 3.8843 988 38844555 
3'8847954 | 38848520 | 3.8849086 38849652 | 3.8850 218 
3-8853612 [38854178 | 3.885474; | 38855308 3-885 5874 
3-8859263 | 3-3859828 3-8860393 | 3-8850957 | 3.885522 
3-3864907 | 3:8865471 | 3.8866035 | 3-8866599 | 3.886716; 
3-8870544 | 3-8871107 | 33871670 | 3.872233 | 3.8672796 
3-8876173 | 3-8876736 |} 3.8877298 | 3.8877860 3.8878423 
3-8881795 | 3-88g2357 | 38882918 | 3.8883 480 3.8884042 
3-8887410 | 30887971 | 3.8888532 | 3.8889093 3.888965 
7.885 8817 3.88993 577 | 3-8894138 | 3.889 4698 3.889 25 
3-8898617 | 3.889917 | 38899736 3. S0 s 3.890855 
3-8904210 | 3-8904769 _3.8995328 


8905887 | 38590445 


from 1 to 10009. 
n 6 | 7 F 
733 3885400 3.885459 3.885518  3.8655777 3.86563 h 
5 3.86 59918 3.866050 9 3.8661 100 3.866 1691 3.8682285 
735 3.866582 | 3.8666417 | 3.8567008 3.8667 598 3-8668188 
936 38671728 | 3.8672317 | 3.867290 3.8673 496 3.867 4586 
737 | 3-$677020 | 3.8678209 | 3.3678798 | 3.8679387 3.867995 
738 3.3683 505 | 3.8684093 8684681 | 3.8685269 3-8685657 
739 3.89382 3.868 9969 3.85905 56 38691143 3-3691730 
740 3.869 5251 | 3.8695837 | 3-8696423 | 3.8697010 3-8697596 
741 3:8701112 | 3.8701697 | 3-870228z3 | 3.8502868 3-8703454 
742 | 3-8706965 | 3.8707549 N 3.87087 19 3.870930 
743 38712810 | 3.8713394 | 38713978 3.8714562 3-871514 
744 3.871864 3.719230 28712814 3.8720 3.87 2000 
745 5777770 38725059 2 38726224 3.872806 
746 | 3-8730298 | 3.873088 | 3.873 1401 38732043 38732625 
747 | 38736112 | 3.873669 | 3-8737274 |:3.8737855 3+8738435 - 
748 3874918 | 3.8742498 | 3-8743078 | 3.8743658 3-3744238 
749 | 39747716 | 3-8748296 | 3:874887; | 3.849454 | 3-87500; 
750 382357 | 3:8754986 | 38754664 | 3 8755243 | 3.875583 7 
751 3.87 59290 | 3.875868 38750445 38761023 | 757576501 
752 38765065 3.865642 3.8766219 3-8766796 | 3.8767373 
753 | 3977833 | 38771409 | 3-8771985 | 3.8572561 | 3.8573 145 
754 | 38778592 | 3-8777168 | 3-8777743 3.778319 3-8778894 
755 | 35782345 | 3.8782915 | 38783494 | 3.8584069 eg | 
756 | 3:5786089 | 38788663 | 33789237 | 38789811 | 3.87903 85 
757 | 38793826 | 3-8794400 | 3-879457; | 38795546 3.8796119 
758 3.87995 56 | 3-08-0128 | 3.880001 3.880 1273 3.881846 
759 3-8805278 | 3-8805859 | 38806421 3-8826993 3.8807 504 
96 | 3-8810992 | 3-881156z | 3.8312134 | 3.8812505 3-8813276 
761 3.88166g99 | 3-8817269 | 3.8817840 3-8818419 | 3.8818980 
762 3.8322398 3 8822968 | 3.8823 337 | 3-8824107 3-882 4676 
763 | 3. 8828090 28828659 ED 3-8829797 3-8830365 
6 3-6833775 | 3-5834343 | 3:3334911 | 3.8835479 | 38836047 
2 3. 8839452 | 3.88400 19 | 38840586 38841154 892721 
766 3.8845 122 | 3-8845688 | 3.88462 5 5 3-8846821 | 2.8847387 
767 | 3-8850784 | 3-B851350 } 3-B85191, | 3.852481 | 3.885;047 
768 3-8856429 3-8857004 | 3-B857569 | 3-8858134 | 3.8858699 
769 | 3-88620 3-8862651 | 3-8863215 3.8853779 3-88643 43 
770 | 3-8867726 | 38868290 | 3.886885 4 3-3859417 | 3.8869980 
771 |} 3-8873359 | 3-8873922 | 3.8874485 | 3.8875048 | 3.885;670 
772 3-8878985 | 38875547 3.888010 | 3.888067 1 3.888123 
773 38884603 | 3. 8885165 3.8885725 38886287 3.888684 
| 774 3-8890214 | 3.3390775 | 3.8891336 | 3.8891896 3.889245 
775 | 3-8895818 3.88963 783.8896938 | 3.8897498 | 3.889805 
775 |] 3-8gor4ry | 3.891974 | 3.892533 | 3.8903092 | 3.890651 
| .277 3-8907004 3.892502 3.8g908121 3-8908079 3.8909238 


A TABLE of Logarithms _ 
— > 8 

Nurr. | 0 | T 2 2 l 3 tr 
AR EARTH? 
779 3-291537 . 8522059 | 38922616 y 843774 
„ 1.827863 4 .8927622 | 3.8928178 892873 
781 8926510 | 3.89270 3.8927 | 8 188 
7b e ee e | 3-123 1 225 
733 . 3-8938172 | 822827738228. — IE 
e ee, e e | 38950140 | 3.894030 

3 8 

780 Lr 3.754778 5.338330 8537 * 5.895193, 
187 | 3-8959747 | 3-3200299 4.8588 31 4.89682, 3.858784 
588 | 3.8965262 | 3-8965B13 | 3-8966364 1.57241 | 3-8972971 
789 i 8970770 3:8971320 897¹871 33977910 3.878409 
700 | 3-8976271. 4 -oqqp 3.85 eſs 279 3.858390 
791 389817653 28784 85883 48 3.89 588057 3·8989445 
79% 3-3987252 | 3* 8987 * 2 3. 8994375 | 38994922 
293 | 3-8992732 | 38993279 *. OLI ego 45 | 3-9000392 
794 3-8998205 3-399 752 zo — 99 3.90053 10 ö 9005856 
795 . s 57% 3811 
796 . ii . 1 oil 3556761 
797 3.9014563 | 3.015128 39015673 3.902 1661 3.02240 
798 3. o | 3-9920573 | 39821117 9027098 | 3-9027641 
7 9 | 3-9025468 | 3-9026011 [;. 9020558 133 32033071 
EA e e e bees 
— — I. 723 3.904227 9042827 3-9043308 2 
Boz 1.577 3e 385%; 1.574481 3.55425 

. 2500 . 

bo | progres e, Langue | Sogn | e 
ds | 39063351 3-907 3 3 070350 | 3-9070887 
Rog | 3-9074114 12271522 22228 | 3:9075726 | 3:9076363 
88 39079485 3-9080022, | 3-9950559 3.081095 3 
810 ] 3.508435 3.085386 3.585922 | 3-998645B | 3.586994 
81r 3.90920 3.59744 3.594279 n 
812 30955 | 3-99960g5 39096630 3 1 
Sine 068 39107312 | 39107844 3.510578 
Bro 352171740 14 | 3.911264 4:9013174 | 3:9113727 | 
I : IT 3-9117434 | 3-9117966 | 3-911 490 | 3* 2 
B17 | 3gmzno | Jong 312: ne 7% 
818 9127533 39 i 

e l e e e 
820 138139 N I 
821 ; 1 2743585 3-9144499 | 3-95 45028 $44 +4 do 
822 | 39148718 | 3-9149246 | 3-9149775 39150303 [39003 


— _ — —_ 


— 1 to 10000. 
Num — 14.85 7 8 | 9 
778 IEA or 7.557375 Jonas ier, 
77 Gor 9161 | 3.8918718 | 3.8919275 | 3891983 | | IP 
780 [Ton 12 3.892484 3.892 3398 | 3-992 5954 
781 13552955 3. 8929846 3.893040 | 3.8930957 3: 8315¹ 
732 38934843 3-8935398 | 3- 2571250 38936508 3 3535785 3 
783 .8940390 | 3.8940944 | 3-894149B | 3.89428 3.8942607 
734 | 3-8945929 | 3-3946483 | 3-3947037 | 3-8947599 | 3-8945143 
785 | 3-895146z | 38552015 | 3-8952568 | 3-8953120 | 3-8953073 
786 38956987 3.8957 539 | 3-89580g1 | 3-8958643- 3-8959195 
787 3.8962 506 * 057 | 3-3963608 | 3.8964160' [3 8964711 
7 3.898017 | ;.3968568 3.89691 183.8969669 3.8970220 
789 1.877557 I 8974071 3 8574621 3-8975171 | 3:8975721 
790 38979019 7 979568 3.898777 | 3-3980667 3.881210 
791 3.898450 9557558 3. 89856063. 8986755 3.858670 
792 38989993 > 8950547 3. 899 1089 3.899 1636 38992184 
793 3.899 5469 3.896017 | 3+ 8996564 3.899711 | 3: 8997658 
794 | 3-9000939 3-9001486 3-9002032 | 3-9002579 | 39993125 
795_| 3: 2 39906948 3-9007494 | 3-9008029 12888585 
796 | 3-9011858 | 3.9012403 | 3-9912343 | 39913493 3-9014038 
797 | 3-9017307 | 3.9017851 3.018396 3.901894 | 39919455 
79 3-9022749 | 3.023293 | 3-99238z7 | 39024381 [32824924 
299 3-9028185 3-9928728 | 3-9029271 3-9029814 | 39939357 
| | 3-9033613 | 3.90341 56 3.503468 | 3-903 5241 | 3:9935783 
801 | 3-9039935 | 39939577 | 3:9249119 | 3:224260r 2 81A . 
. | 39044450 | 3-9944998 | 3-9543933 3-9946074 | 3-9940015 
803 3. 9049859 | 3. 9050399 | 3* 888 3.9051 39052020 
804 3.905561 | 3.905 5800 3.90563 40 3. 9056880 3. 9057420 
go 3.90606 563.9061195 [39061734 3: «9062273 39062812 
806 | 3.9066044 3.5056 5823.906711 [39067659 3058197 
807 | 3-9071425 | 3-9071963 | 3-9972501 35073038 3-9073 576 
Ges, | £20700 | 2927307 39077874 | 3:9278401 | 12222948 
B59 | 3.908169 | 3-908z705 | 3-9083241 | 39983778 | 39084314 
810 | 3-9087530 | 3-9088066 | 3- 023.9089137 3-908g9673 
811 | 3-9092885 | 3-9093420 | 3-9993955 | 3:9294490 | 3-909502 5 
812 | 3-9098234 | 3-9999768 3-9099303 3-9999837 | 3-9100371 
813 3-910357 3.910410 9 | 3+ 91046 433.9105177 39105710 
814 3.91089 11 | 3. 9109444 39109977 39110510 39111043 
815 | 3-9114240 | 18114722 9115305 3-9115837 | 3-911636g 
816 | 3.911956z2 | 3-9120994 | 3-9120020 | 39131157 3-912168g 
81 3-9124578 3.9125409 | 3: 9125940 3-9126471 3.912700 
81 3-9130187 | 3-9130717 | 3+ .9131248 | 39131778 | 3.9132309 
Big | 3.9135490 | 3-9136019 | 39136849 | 39737079 39137509 
o | 3-9140786 3.574537 | 3: 9141844 | 39142373 | 3-9142903 
821 | 3.9146076 | 3-9146504 | 3-9147133 | 3-9147661 | 3.5148190 
822 3-p151887 3.9152415 3: "9152943 | 39153471 


- 


A Table of Logarithms 


| 


Num { ©& 1 | 2 3 * © 
823 39153998 | 3-9154526 | 3-9155054 75188875 3.915610 
824 39159272 | 3-9159799 | 3.9160326 2188775 39161380 
825 3. 9164539 3-y165066 | 3.9165592 | 3.916611 | 3-9166645 
826 | 3.916980 3.9170326 | 3.9170852 4 9171378 3.9171903 
827 3. 9175055 3, 9175580 | 3.9176105 | 3-9176630 | 3.9177155 
828 3-9180303 | 39180828 | 2.9181352 | 3. 3:9181877 | 3.91824or 
829 3. 9185545 3.9186069 | 3-9180593 | 3 3-9187117 173.9187640 
830 3.919078 | 3.9191304 | 3.9191827 3.91923 50 [ 3.9192873 
83 1 3-9196010 | 3-9196533 3. 9197055 | 3-9197578 [3.198100 
832 3 9201233 | 3.9201755 | 39202277 | 3.9202799 {| 39203321 
833 3-92<6450 | 3.9206971 | 3-9207493 | 3.9203014 | 3.920853; 
824 3-921166T | z 212181 | 3-9212702 | 3.9213222 | 3.9213743 
835 3-9216865 | 3.9217385 | 3.9217905 | 3. 9218425 3-9218945 
836 3-9222053 | 3.9222582 | 3.9223102 | 3.9223921 { 3-9224140 
37 39227255 | 3.922777 3-9228292 | 3.922 3-9229330 
833 | 3-9232440 | 3-9232958 | 3-9233477 | 39233995 | 3-9234513 
839 | 3-9237020 3-92 38137 3-9238055 | 3-9239172 | 3.9239690 
B4qo | 3:9242793 | 3: 2243370 | 3 -9243927 | 3:9244344 | 3:9244869 
841 | 3-9247900 | 39249470 | 3.9248993 | 3-9249509 | 3.9250025 
642 | 3-9253121 | 3-9253037 | 3-9254152 | 3-9254668 | 3.9255184 
Baz | 3-9253276 | 3-9258791 | 3-9259305 | 3.9259821 | 3.9260336 
844 | 3-9263424 | 39253939 | 3-9264453 | 3-9264968 | 3.926548z 
845 3-9263567 | 3-926g081 | 3.9269595 | 3-9270log | 3.9270622 
G46 | 3:2273724 | 3:9274217 | 39274739 | 3:9275243 { 39275757 
847 | 3-9278834 3-9279347 3.527839 3-9280372 |; 3.928088; 
348 3-9283959 3-928 4471 | 39284983 3.9285 95 | 3-9286007 
850 | 3 9294189 3 9294700 3-9295211 | 3.929572 | 39296233 
851 | 3-9299296 | 3-9299806 | 3.93003 163.9300826 3+9301336 
852 | 3-9304396 | 3-9394906 | 3-93954I5 | 3-93059z5 | 3.9306434 
S53 3:93929499 | 3:9309999 | 3:9310508 | 3.931017 | 3.9311526 
854 | 3-9314579 | 3-9315037 | 3-9315590 | 3-9319104 | 3.93 1u01z 
855 39319661 | 3.320169 | 3-9320577 | 3-932I185 [39321692 
856 | 3-9324738 | 3-9325245 | 3-9325752 | 3-9326259 | 3.9326767 
857 | 3-9329808 3.93303 153.9330622 3-9331328 | 35331835 
858 | 3-9334873 | 39335379 | 39335885 | 3-9336391 | 3.9336897 
859 | 3-9339932 | 3-9342437 3.934943 3-9341448 | 3.9341953 
860. | 3:9344934 | 3:2345489 | 3:9345994 | 3:9346499 | 3-93 47004 
861 [3.93 5003239350536 28 3. 9351544 3-93 52049 
862 | 3.9355073 3-9355576 3-93 560 3-93 56584 | 3-9357087 
863 | 3-9360I08 | 3.930006rIT | 3.936114. 3+930I617 | 3.9352120 
864 | 3-9365137, | 3-9365640 | 3-9366143 | 3.9365645 | 39367148 
865 39370161 3. +9379063 | 349371165 | 3.9371667 | 3.9372109 
856 | 3-9375179 ] 3-9375680 3.937618 3.93 76683 | 3.9377184 
867 382385191 3-9380692 3.9381193 J 3.9381693 | 3.93582194 


1 24 2 . — . — 


From 1 to IOO. | 
— . HDG UE ISDA BREE {_ 3 
823 39156636 3.9157163 | 3.915769 3.91 58218 3.918745 
824" [3.9781997 J 3-9192433 |: 3-9162960 | 3.9163487 | 3-9164013 
825 3.916771 | 3-9167597 | * 3-9168223 | -3.916g749 | 3.9169275 | 
826 [3,9172429 [ 3-9172954 | 3-9173479 | 3-9174005 | 3-9174530 
827 | 3-9177080 | 3.9178205-| 3.9178739 | 3.9179254 | 3-9179779 
828 2.9182925 39183449 2.8182 072 2 9184407 2.0185021 | 
829 39188164 3.9188687 | 3-yioye1l 3-y18973% | $-y1y0258 
839 | 3-9193390 | 3-9193919 | 3-9194442 | 3.9194965 | 3.9195488 
831 1 3-9198023- |, 3:9199145 | 3-9I99667 3. 9200189 | 3.9200711 
832 | [-3-9203B4Z | 3.9204364 | 3-92c4886 [ 4.5205407 | 3-9205929 
833 [--3-92c9056 | 3.9209577 | 3-yz10098 3-9210019 | 3.9211140 
G3 4 | Z-9214203 9214784 39215304 39215824 2.92163 45 
835 | 39219465 | 39219984 3.922504 | 3.9221024 [5227775 
836 - , 3-9224059 | 3.9225179 f 3-9225098 | 3.9226217 | 3-9226736 
839 | 3.9229848 3-9230367 3-9230055 |. 3.9231404 | 3-9231922 | 
838 39235031 | 3-9235549 3.92 36066 3-9236584 | 3-9237102 | | 
839 | 39249208 | 3:9240724 | 39241242 | 3.9241759 | 3-9242276 | j 
849 | 3:9245377 222424 | 3:9245419 | 3.9246927 [ 3:9247444 | 
841 39250541 3-9251057 | 3:9251573 | 3.9252059 [3.925260 | 
842 | 3-9255099 | 39255215 | 3-9256739 | 3.9257245 [39257761 
843 39260851 [ 3.921366 39261880 | 3.9262395 39262910 
844 39265997 | 3. 9266511 3. 9267025 [3.9267 539 3.926805 3 
845 | 39271136 5.9271650 39272163 39272677 [3.9273 190 | 
846 | 3:9279270 | 3:927678z3 | 3:9277296 | 3:9277808 3278221 
847 39281397 | 3.9281909 | 39282422 3-9232934 | 3-9283446 | 
848 3-9286518 | 2.9287030 | 39287542 3-9288054 3.928856 
849 | 39291634 39292145 39292656 39293167 3.9273678 
850 39296743 3.9297 254 3:9297704 | 3.298275 [ 3.298785 
851 | 3-9391847 3.93023 573.9302856 [ 3.9303376 | 3.9303886 
852 | 39399944 | 3.9307453 | 39397933 | 3.9308472 | 3.930898r 
85 | 39312935 | 3-9312544 | $:9313253 | 3-9311561 | 3.9314070 
854 3-931712I | 2.931729 | 3-9318137 3-9318645 | 3-9319153 
855 39322200 | 3.9322708 | 39323215 | 3.9323723 | 3-9324230 | 
856 | 39327274 | 3.93277Br | 3-9328288 | 3.932879 3.532930 5 
857 39332341 | 3.9332848 | 39333354 | 3.93338%0 | 3-9334367 | 
858 3-9337493 | 39337999 3+9339415 3.93389 20 | 3-9339426 
859 3.934459 | 3-9342964 | 39343409 | 3.9343974 | 3-9344479 
869 | 3:23475 | 3:9348013 | 3:9348518 | 3.9349022 | 3.9349527 q 
851 | 3-9352553 | 3-9353057 | 3.935556 1 7 3-93 54569 i 
862 3.935751 | 3-9358095 | 3:9358593 | 3.9359191 | 3-93 59605 | 
863 | 3-9362623 | 3.9363126 | 3.936359 | 3.9364132 | 3.936463 5 
864 | 3-9367650 | 3-9368152 | 3-9363055 | 3.9369157 | 3.9369659 
865 | 3-9372671 | 3-9373172 | 3-9373974 | 3-9374176 | 3-9374677 
866 | 3-9377686 | 3-9378187 | 13-9378088 | 3.9379189 | 3.9379690 | 
| 8657 ___ 3-9382695 [3-9383195 e 2. 
* 3 


f . — .of e 
3 1 | 
* 7785656 3» 57887 
{ 3-93900 9713-939197 


39157682 3· 9396191 
3. 9400680 | 3.94011 


3. TT 
3939019 
393935193 
39400182 


| 39391997 3.939796 
3: 9396690 5 3.3357 185 
17 3.9402 756 


| 3:9405165 | 


3-9410142 


+ 3-9415114 


3-9420081 
3-942 5041 
3+ 4 


39434945 


3.242288 


39444827 


3-9449759 
3-945 468 

3-94596 7 
3-946 64523 
32459433 
39474337 
39479236 
3-9484130 


| 3-9499018 


= 4 


3+9493900 


39593649 | 
3-9500515 
39513375 
39518230 
3.952300 
39527924 
22822783 
35537597 
38542425 
3 
3.95520 


13. 9555857 


3. 956168, 


{ 3-95064 


3-9571282 
39576073 
39580858 
39585639 
39590414 


39498777 


3.9405663 
28410640 


39420577 
39425537 


3-943 5440 
32418105 
TRE 9445320 
3+9450Z52 
3-9455178 
3-9460099. 
3+ 9485014 
3 946 9923 
3-9474827 
3-9479726 
| 3 9424019 
3-943g 506 
3+9494388 
3:2499264 
39504135 
3+9509001 
3-9513861 
3-9518715 
3-9523565 
3-9528409 
3-9533247 
3-9 5386080 
3-9542908 
 $+9547730 
3+ 228 
3 953735 
3-9502165 
3.566966 


39571761 
3-9570552 
3-9581337 
3-9586117 
3+959089T 


J-9415611, 


3.543049 


* 


0 


—— 


3-9405161 

3-9411137 
3-9416108 
39421073 


39426032 


3-9430986 
3 943 5934 
3-9440877 | 3 
3-9445814 
3-9450745 


3 9455071 | 


3-946059g1 
3.9465 505 


2454 


3 9475 317 
3-9480215 
3-9485108 
3.948999 

3949487 

22428252 
39504622 
3. 9509487 
38514347 
39519201 
39524049 
3:9 528893 


3-9533730 


3 8538563 


39543390 
39548212 
39553028 


3.9557839 


39562645 
3.857445 


3.972241 


39577030 
39581815 
3 9380594 
3.959136 

3+9596137 


. 3-9600g0T | 


| 3:9601377 | 3.,y601853 


9400659 


; 9411635 

3-9416605 | 
3-942 1579 
3-9426528 
39431481 
3 B 


39407157 


; $:9412132 
3.54771 9417101 
3.942206 
39427024 
39431970 
3+943 6923 

9441865 


55440 587885 


3.945 1238. 
39456163 
39451082 
3.946 5996 
3.98470905 
39475807 
3. 9480705 
35485597 
39490483 


| 3:9495364 


39509239 
3.950509 
39509973 
39514832 
3.951968 
39524534 
39529377 
$+9534214 
39539046 
39543872 
39548094 
39553510 
39558320 
38563125 
3.95679 25 
39572720 
39577509 
39582293 
3.958707 2 
3-9 591845 
3-9590614 


| 3+9440809 


3+9451730 
3945665; 
39461574 
3+9466487 
3:947t395 
39476297 
3 9481 194 
3. 9486085 
3-9490971 
3.955851 
$:9500726 


mm 
39505 596 
39510459 
39515318 
3.952071 
39525018 
3.929861 
3:9534697 
$+9539529 
3*2544355 
39549176 
39553991 
3. 9558801 
39563605 
32568405 
3.9573 199 
3.957798 
39582771 
3-9587 54) 
$69 592322 
3+9597090 


© — 


| 1222521 3.55855 
| +9 5999 3.96 00425 [ 


— — — 

„ — MER. 8 | "= 
868 349387598 393891 3-9388698 1 3.9389198 $43,445 
869 | 3-9392696 , 3-939 195 | 39393695 39394194 | 39394693 
870 | 349397888 | 3-93 |. 3-9398685 | 3.5399184 |. 3 93996 683 
871 35402674 3403 ax \ $4 670 | 3.9494169 | 3.9404667 
9 39497054 3548152 >| 39 © |. 3.94094 3 9499645 
873 --|. 3«9412 | 3:9413126 [ 3.413623 ;. 9414120 | 39414617 
374 hr 39418095 || 3.y418591 | 3+5419088 | 3.9419 584 
875 | 3:9422501 } 349423958 3.423553 39424049 |. 3-9424545 
876 [3 9427519 | 3948015 | 3.942B510 | 39429005. | 3.94295ar 

877: 39432471 349432966 | 3-9433467 3-9433956 | 3-9434450 . 
873 | 359437418 [3.437912 | 3-9438406 | 3-54;8500 | 3-9439395 
9g | 3944358 | 3:94428532 |. 3-9443346 | 39443840 | 349444333 
880 344794 J. 3+9447787 ||. 3-9448280 | 39446773 3 9449266 
881 39452223 3-9452710 - 3+94532CB 3.943701 349454193 
882 3+9457147 3.54575 3239458131 [39478623 39459115 
883 3.94628 3.942557 3-9463048 122 3.946403 1 
884 39466978 3.946749 | 3-9467960 3.946845 3458945 
885 | 39471886 | 3.947237 3.947286 39903397 | 3 9472847 
886 39470787 359477277 3-9477767 3.478257 0 233275 
ar | 3+9481684 | 3-9482173 | 3.9482662 3.483151 | 3.948364 1 
3-9486574 | 349457003 2 3.94830 3.9488529 

889 39491460 5.54 845 39492436 3+9492924 | 3-9493412 

992 39496339 157075 2 1.547764 3.3728 — | 3-94982g0 
I 32101213 3. 7 3.95021 9593162 

2 | 3+95060Bz 3.550509 3-9507055 | 39507542 ny 
893 | 349510946 | 3-950 43% 3-9511918 | 3-9512404 ! 3-951288g 
94 35515803 | 3:9510289 | 2.5516594 | 3-9517260 | 3-9517745 
- 139528556 3.9711 | 3,9521626 | 3-952211T | 3-9522595 
896 | 3+9525503 | 3:95z5 2 3. 9526472 | 3-9526956 |- 349527440 
897 | 39539345 | 756% 39937312 39531796 | 3-9532280 
898 | 39535181 [3.953794 3-9536147 | 3:2536631 | 3-9537114 
399 | 39549912 1.3:9549494 | 349540977 $+9541460 | 3-95419 Z 
goo | 349544337 | 3:9545319 | 3-9545802 | 3.9546284 | 3.95 46766 
gar | 3+9549657 | 3-9550139 | 3-9550621 [38551102 | 3.9551584 
goz | 3:9554472 | 39554933 | 3+9555434.| 3:9555915 | 3 "9556397 

903 349559282 | 3-95539762 | 3-9560243 | 3.956072 3 3-956120 
994 | 349564986 | 3.9564566 | 3.9565045 | 39565526 | 3.9556 

8 I ng 3:25%9364 | 3:2559844 |-3:9570323 |- 39570803 
— 3+9$73078 | 3*9374157 | 3+9574030 | 3 95751151 3.9575594 
907 | 349578466 | 3.9570945 3-9 579423 3+9579902 | 3.9580380 
908 | 3+9583249 | 3-9583727 | 39584205 3.584683 .3.9585161 
999 3538802 739588505 [3.958898 | 3-9589459 | 3.9589937 
919 . 39 5927y9 39593270 * 23583723 3-959 39594707 
* oÞc 35197567 |.3:9$95043 4 3-9598520 |} 3-959 3.999472 
1 602 29 6 805 — 280 3.903756 3-9004232 


Fff2 


—— — — -- 


* 
—_— » ® 
* . 


4 Table of Lo Tagore WI ; 
Num. \ © | nn 3 / 4 
913 13+9604708 588787 pg 1675857 3.96066 10 
914 | 3: 9609492 | 3-9009937 3-9610412 7|3 3+9611362 
915 3.914211 3.95146 885 359675165 3851365 3. 9616109 
916 3-9618955 | 3 9019429 | 3.9619903"] 39620377 | 3+ 9620851 
917 3. 9623693 3.5055 : © ont 885. 3.9625 587 
918 2 .9628427 doo. | 3.862937 3˙9 62984 3-963 03T9 
919 356535855 1 . 5637528 . 3-9634573 | 3-963 5945 
920 | 39637878 | 3.96383 50 3-963 22 . 5839574 5.5535785 
921 | 3-9542596 | 4.1569 3-9643539 | 3-9544911 | 3-9544482 
922 3.54755 3-9 00778: 3.9648251 [ 3.9648722 38849855 
923 | 3-9652017 | 3-9652488 3.962958 3.987348 3.853855 
024 | 3-965%720 | 3.9557190 | 3:9657660 | 322058139. 3-9653599 
925 3-9001417 | 3-9661857 3.96623 563.9062826 39563295 
| 926 3.956611 | 3-9666579 | 3-9667048 | 3-9607517 3-90 67985 
927 3-9070797 3-967 12.66 3-967 1734 3-9672203 | 39872671 
928. | 39675480 | 3-9575949 | 3+967641 3-957688z 39977351 
029 3.538015) 3-9680625 |-3.9681092 | 39881559 [ 39 027 
030 | 3:9684829 | 328852983288 3-9686230 [38888597 
931 | 3- -96B9497  3-96B9g63 | 3-96904;0 | 3:92/08,0 3.891362 
532 | 3-9694159 | 3-969462 5 3.569591 3:9995557 | 3-95g96023 
933 | 3-9698816 | 3-96992Bz | 3.9699747 | 3597929213 Þ| 3+9790678 
934 | 39793469 | 3.97039 + 3-9794399 | 3-9794363 | 3-y705328 
935 |} 3-970 116 3-9705581I | 3.9709045 - 1h $eofat0 39799974 
936 | 3-9712758 | 3-9713222 | 3-97136865 | 3:9714159 | 3:97 14014 
037 355717396 3-9717B59 | 3-9718323 [3597 15780 3-97 Lyz49/ 
938. | 3-9722028 | 3-9722491 |-3-9722954 | 3:9723417 | 3-9723850- 
939 | 3-9726656 | 3-9727118 | 3-972758r | 3+9728043 | 3-9725506: 
940 | 3-9731278| 3.973741 | 3-9732202. | 3-9732664 | 3.733126 
© o94r | 3-9735896 | 3-9735358 |-3-2736B1g | 3-9737281 | 39737742 
942 | 3:9749599. | 39749970 * 3-97 41437 3.974892 [;. 9742353 
243 | 3-9745117 | 3:9745577 | 3:9746038 | 39746498 | 3:9745959 
244. |. 3-9749720. | 3:97 50180. | 3-97 59540 [39751100 | 349751560" 
945. 3.7781 3. 9754778 3-9755239. | 3.9755697 [39756158 
946 | 3-975891x | 39759370 | 3:97 59829 3-97 002.88 3-2769747 
947 3.9763 500 3˙ 9763958 39704417 3-9704875 3-9765334 
948 ] 3-9768083. | 3.976854 3.976899 | 3:9709457 39769915 
949 | 3-9772662.| 3-9773120 |:3-9773 577 | 39774935 397745. 
950 | 3:9777236-| 2277523. | 3:2778150 | 3:9778607 [3227294 
951 1.8 15781262 35782718 | 3.978377; | 378 
952. | 3-9786369.| 3-9786826: | 3-978728z | 3.9787738 | 3-9788154 
953 |. 39799929. 3-9791385 þ 3 9791840 39791596 3.979275 
1 . 5855484 3.9795939 3+9796394 5. 6  3:9797304 
955. | 3-9800034 | 3-9800488 | 3. 9800943 þ 3:9 $013.96 4 3.9801852 
956 3.9804 579 ] 3-9805033 | 3-9855487 | 3.980594z | 3-9806396- 
NO ' + > 3-9809119 3:9899573. 3*9810027 l 3. Sa 3. 29810934 


from 1 to * 


e 7 8 „ 
913 |, 3-96>7086 3.555756 3.560; 5 3. 9608512 3.568987 
914 3.9611837 | 3.96123 12 3. 2 | 3: 9613262 -\ 3.9613736 
915 | 3-9616583 |.3.9617058 3-26 19995. 3-95618006*\| 349618481 
916 3.8678337 59576755 39622272 3 E 3.9623220 
917 | 3-9626061 $9926 534 3:904 7007 3-9627481 3-9627954 
918 | 39630792 | 3:9931264 | 3.9631737 304572216 3-9632683 
gi | 3-9635517 | 3-963 5990 | 3953646: 15858557 12937400 
920 3-9 £49530 3-9540710 | 3-9641181 3-9641653 | 3-9042125 
921 | 349 £44953 5545175 39645896 | 3. 9646367 3. 9646838 
92.2 3-90 4966 = 3-9650134 R 3-9551076 | 3.9651546 
923 3-90 54369 | 39554839 | 3-9655309 f 3.565578 3.665250 
924 | 3-29559969 | 3:9659539 | 3:9660005 | 3. .9660478 | 3-9660948 
925 3-9603704 | 3+ 9004233 3 2 3.965172 3. 9665641 
926 3.668454 2 66 pes 3-96693 92 3. 9669860 [3.96703 29 
927 | 3+ 9073139 3 -9073607 3-9074076 | 3.9674544 | 3-9675012 
928 [39677819 | 3-9678287 39978754 3-9679222 3.679690 
929, | 3-9082494 3-9682961 3-9933428 } 3.9683895 | 3.584362 
930 | 3-9637164 f 3:9687630 | :3:9688097 3.688564 3.568900 
931 | 3-9691529 3-909229)5 3-9692761 [3.9893 227 e 
932 |-3-9696488 3.995954 3. 9697420 9597885 3.96983 51 
933 39701143 3-978 | 3.9702074 | 3.70539 39703004 
934 3.970579; 3.706258 3. 9706722 | 3-9707187 [;. 970765 
935 - 39710438 | 39710902 | 3.9711366 | 39711830 | 3.9712294 
936_| 3:9715978 | 3:9715542 | 3-9716095 | 3:9716469 | 3:9716932 
937 | 3-9719713 | 39720170 | 3.9720639 | 3-972L10z | 3.9721565 
938 | 399724343 | 3-9724895 | 3.972528 | 39725731 | 3.9726193 
939 | 3-972 — 3-9729430 | 3-9729832 | 3-9739354 | 3-9730816 
940 . 9773705 | 39734950 | 3-9734511 | 39734973 | 39735435 
947 | 39739293 3-9738004 | 3.9739126 SALT 3-9740048 
942 | 3-9742814 | 39743274 | 39743735 | 3-97441 3.974456 
23.9774 3.778979 | 3:9748349-] 3:9748800 | 3.9749260 
944. . | 3-9752020 | 349752479 | 39752939. 72755 3-97 53858 
945 39756615 3.977755 | 3-9757534'| 3:9757993 | 3.9758452 
946 3. 9761206 3. 9761665 3. 9762124 3.9762 582 | 3.9763041 
947 | 3-9765792-| 3-9766251- | 3.976679 | 3-9767167 3.977625 
948 | 3-9770373- | 3-9770831 | 39771289 | 3-9771747 | 3:9772204 
949- « | 3-9774950- | 3-9775497 | 3-9775864 | 3977632: 3-9779779 
250. | 3:9779321 | 3:9779978 | 3:9780435 | 228822 3. 9781348 
951 |13-9784088. | 3:9784544 | 3-9785001 | 3-9785457 | 3-9785913 
952 | 3+97 3-9789100- | 3.9789562 | 3.9790017 | 35790473 
953 | 3-9793297 | 3-979366z. | 3.9794118 | 3.9794573.| 3-9795028 
214 f-. 9197159 | 3-97982I4 | 3.979865g | 3. Der 39799579 
955 3. 9802307 3. 9802761 | 3.803216 3.9 853575 3. 98804125 
956 | 3-9806850 | 3.9807304 | 3.9807 58 3.9808z12 | 3. 9808666 
92 88811388 3.9811841 | 3-9812295 | 3-9812748- | 3.9813202 |. 


[ A Table of Logarithms 
Num. | 0 1 E LH 1 
FF 3-981 5468" 
py © 3-9818186 | 3-9818639 | 3.9819092 3+9819544 | 3-9819997 
3-9822712 | 3-9823165 3.565852 3. 9824009 3-9824522 
- 3.9827234 | 3-9827686 | 3.9828138 [3.982 589 [ 3. 9829041 
3.983 4751 | 3-9832202 39832654 3.9833105 [39833556 
9836263 | 3-9836714 | 3-9837155 | 3:9837616 | 2-983 8066 
3-9840770 | 3-9841221 | 39841071 | 3-9B42122 | J 
1 3-9845273 | 3-9845723 | 3-9845173- | 3-9846623 | 3.984707; 
3-9849771 | 3.9850221 | 3.985057 | 3+9B51120 | 3.9851569 
3-9854265 | 3.9854714 | 3:9855163 | 3-9855612 | 3.9856061 
3-9858754 3.9859 202 3:9359651 | 3-9860099 3-9860548 
3.9863238 3-9863 686 3-9864134 3-9864 582 3-9865030 
3-9807717 2 l 3 1.588565 
39872192 3. 9872640 3. 9873087 | 3+9973 39873981 
3.987 5668 3.9877 109 3.987755 3. 9878003 39878449 
3. 9881128 | 3.9881 575 3.882021 | 39832467 | 3.988291; 
3.9885 590 | 3.9886035 3.988648. 3.98809 27 39887373 
3-9890046 3. 9890492 3.890937 22821382 38851828 
1.585055 3-9899943 3.855 2 3.985833 | 3-9896278 
3-989 55 3. 9899 393.9899835 | 3-9999279 | 3-9900723 
3.99033 39903833 3.904277 3. 9904721 | 3.9905164 
3-9997827 39908270 3.998714 3.9991 58 | 3.990g601 
3-991221 | 3.9912704 | 3-9913147 | 3-9913599 -| 3-9914933 
3-9916690 | 3-9917133 | 3:9917575 | 7221818 2 
3 9921115 | 3.921557 39921999 1.55.6885 39922884 
3. 9925535 | 39925977 | 39926419 | 3-9926 #3-9927302 
3-9929951 | 3-9939392 | 3-9930334 | 3+9931275 ||. 3-9931716 
3-9934362 | 3-9934803 | 3-9935244 | 3-993 5685 | 3-9936126 
3.938769 | 3-9939210 | 3-9939650 | 3-9940090 | 3-9940531 
3-9943172 | 3-9943612 | 3-9944951 | 3-9944491 | 3-9944931 
3-9947569 | 3:9948299 | 3-9945448 | 3-9948888 | 3.9949327 
3+9951963 {| 3.9952402 3-9952841 | 3+9953280 | 3-9953719 
3.99563 523.9956791 3-9957229 | 3.957668 | 3.9958106 
3-9960737 | 3-996II75 | 3.996161; | 3.962051 39902469 
3-9965117 | 3-9965554' | 3-9965992 | 39966430 | 3.9956 
3-9969492 | 3-9969930 [3.997367 | 3+9970804 | 3-9971242 
3-9973964 | 3-997430T | 3.9974738 | 39975174 | 3-9975611 
3:9970231 | 3-9978667 | 3.9979104 | 3:9979540 | 3-9979976 
3-9982.593 | 3-99Bz029 | 3-9983465 3.983551 | 3.9984337 
3-9986952 | 3-9987387 3.987823 | 3-9988z58 | 3.9988694 
3-9991395 | 3-9991740 | 3+9992176 | 3-99926Ir | 3.9993040 
3-9995055 | 3-9996090 | 3-9996524 | 3-9990959. | 3-9997393 
— — — — 


* 8 AA 8 


| 
; 


10 10000. 


5 


en I 
. 


J 7 


— 


79815927 


3-982 0450 
3-982 4974 
3-982.9493 
3-933 4007 
3-9838517 
3-9843022 
3-9847 523 
3-9852019 
3.98565 10 
3-9860996 
3-986 5 478 
3-986995 5 
3-987 4428 
3-987 5896 


9883 360 | 3 
- 5818 


9887 
2822223 
3.986722 
39901168 
3. 9905608 
3.99100 
3991447 
38818983 
3.993326 
39927744 
39932157 


3. 9936566 


39940971 


39945371 


3.9949767 
39954158 
39958545 
39962927 
3.997305 
39971679 
854 
3.89804 

39984773 
3. 9989129 
3-9993 480 
3-9997828 


3-9816374 
3-9820902 
3-982 5426 
3-9829945 


3-9834459 
39838368 
3.843473 


39847973 
3.852468 


3.98569 59 


«9861445 
3.585 * 
39870403 
3.874875 
3.98759343 
9883806 
3.98882 4 
3-989271 


—— — 


3-9897167 


3-9901612 
3-990005 2 
3-9910488 
3-9914919 
38919345 


3.992370 
39928183 
39932598 
3.993700 
39941411 
39945811 
3-9950206 
3-9954597 
3-99 58983 
399633065 
3+9997743 


3-9972116- 


3-9976485 
3-9980849 
3-9985209 
3.9989 564 
39993916 


3.998262 


7.816827 


3.98213 55 
3-982 5878 
3. 9830396 
3.983 4910 
3-983 9419 
3-9843923 
39848422 
3.852917 
39857407 
3. 9861893 


3. 9870850 
3.987322 
3. 9879789 
3.98842 52 
39888710 
. 3-9893 163 
3-98970I2 
3.902056 
3. 9906496 
39910931 
3-991 5362 
3:9919788 
3-9924210 
3-9928627 
3.993303 
3-993 7448 
35941851 
39946251 
22950645 
37955036 
3-99 59422 
9963 
> 058180 
3.972553 
39976921 
3. 9981285 
. 2985645 
Shy 
3.987943 
3.998697 


2888274 


| 
14 


3.844373 


3.848872 
39853386 
39857856 
3. 9862341 
3. 9806822 
3-987 1298 
3-987 5709 
3-90 


3-9889 55 
3.0893 G08 
3.98580 56 
3.9902 500 
3-990Cy40 
39911374 
3-991 5805 
3:2920230 
3.992401 
3. 9929068 
3-993 3480 


39937888 


39942291 
3. 9946690 
3.991085 
3·.98555474 
39959860 
3.898424 
3.968618 
3.972990 
39977358 
39981721 


3. 9986089 | 


39990435 
39924735 
3-99991I31 


802 36 
3.884678 


een 
SS & 
Q 
— 
O 
* 


15 * 
S 
8 K 


39911818 
3-99162 47 
3:9920673 _ 
$+992 5093 
$+9929510 
$*9933921I 
3-9938329 
$+9942731 
$+99471309 
3:995B524 
| 224 
3.995029 
3. 9964679 
39969055 
398973427 
39977754 
38282157 
39986516 
3.990870 
38995220 
3-9999 566 


88 © 7 „„ 1 „„ Ce o——_— . 


Triangular Canon 


Logarithmical; 


n 
w 


OR, 


A T AB L Eof Artificial 81 N ES, 
TANGENTS, and SECANTS, 


the Radius 10.0000000 e and to every 
Degree and Minute of the 


_ QUADRANT. 


122 M 


7 Prin b oY for 2 | 
2225 moe * 2 


Cha, Price, at the Heravitage 
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20 Degrees, 


9. 
0 529.9728938 97 
3378719.5728477 2 
$53 $4375/9-97280101 9- 
9.53578 219-9727554 
©5361280(9-97270921 1g. 
$$36473 719-972-0029 (9. 
5368184972616 9. 
$5371628/9-972 5703719. 
$537 5070/2:97252391[0- 
$5378508/9-9724775 


1319. 
149-53 


9. 
9. 


9. 


M Sine. | 1 Tang. We 
5 797298580 9.5610559 1.43893 41 
5 94972939 


19.56 
563419 10.4365800 


9.505 3733 10.43 46267 


19+5 


Secant. 


166270742 10.465948; = 


5014588|10.4385412 
56185151]10.4381485 
5622439110.4377501 
552636010. 4373640 
56302710. 43592722 


10.027060 10. 46 28 
10.027 1062 10. 46523 

10.0271 523 10. 4649085 
100271984 10. 4645625 
10. 0272446 10. 4642 168 


563810 10.4351893 
364201 22 
564592 5þ* 2:43 34975 
564983 1110-43 $0109 


10. 0273834 


10.0272908 10.46387 14 
100.0273371 10.463 5263 

10.4631816 
10.0274297 19-4928372 
10.0274761 19.424932 


5$657633119-4342367 
5661 530119-4338470 
665424]10-4334570 
56693 1611043 39984 


wm. * 


10.027525 104621492 
10285280. 


— — 


10.275155 10. 4614525 
10.276620 10.451 1196 
10. 0277086 10. 460% 70 


9. 
9. 
9. 
- 9 


567320510-4320795 
5077091110-4322909 
558097 5110-43 19025 
$584850119-4315144 
568873 5119-4311205 


15.577777 10-4504347 
10.0278019 10. 4600927 
10. 0278486 10.4597 511 


10. 0278953 10. 4594097 
10.027942 1 10. 4590086 


9 
9 
9. 
9. 


9.971772 
7 9+5433103 9.9717291 


9 
54364899. 971682 19+ 
5439873 9˙97163 40 
9.5443253 9.971 5870. 


7 


5892611 I, 
5 


9.5708080010.4291912 


10.4303 516 
57003 510. 4299645 
$704223110-4295777 


571195110. 4288049 
5715811 104284105 
571965910. 4280331 
5723 52410. 4276476 


10.027 9890 10.4587279 


10,02 . 0. 45838743 


10. 280828 10.4580473 


10,0281297 1.457774 


10.0281 767104573679 
10.028223 
10. 0282709 10.456689) 
10,0283 180 10. 4563 511 
10. 0283652 10. 4560127 


$727377[10.4272023 


"Sine. || 


—ͤ—ñ—ÿ—ͤ— — — 


Tang. 


10.0284124 10.456747 
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0. 4570287 3. 
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| Tangents, and Secants. 


20 Degrees. 


31 
J2 


. 


M | Sine. | 


0 


33 


2344325 
9.544630 
9+ 5450005 
945453376 
9.5456745 
2 
9. 5453472 
9+ 545683 2 
9.54701 
19+5473 542 
9. 5476893 


546011 


d9-97 13 509 


3g 


«971 5876 


97 15404 
987 1 493 I 
997 14457 
9-9713984 


99713035 
9-9712 569 
5.57120 
9.97116 
27¹¹ 32 


9. 54892 4c 
9.543583 


5486927 


9. 5490266 
9.482822 
35499935 
9.5500265 
9.5503 592 
9.5 505916 
9+. 5510237 
9.513 556 
9.551687 1 
9.5520184 
95523494 
9.5 520801 


3-97 10055 
9710178 
9.970970 
9.979223 
2.223244 
9.9708265 
9. 9707780 
9.9707 30 
9. 9706826 
9.27003 40 
9-9705805 
9-9705383 
9+97 04902 
9-9704419 
99793937 


9.5530105 


5834 


5 536704[9-97024 


5919-5 539999[9-9702002 
150 


+$54329 


9.920187 


9.703454 
9-9702970 


Sie. 


b 


| Tang. 


. 


| 


' 1104427262 
2 $727377| 22 


9. 1731227 


9.573 $947 


9+ 5730919 
9 5 
5754292 


+575 99[10.4245728 
57619340. 4238066 


10. 4268773 
10. 4264926 
10. 4261081 


9.5742761 tf o. 42 57239 
9. $745601110.4253399 


19.0284124| 19-45 $9747], 

10.0286 396010. 4553370 
10.285069 10.449995 
10. 0285543JT0. 454662 4 
to. 286016 
10.028649 110. 


190.4249562 
10.42457 28 


2 281119.4234239 


«57095585110.4230415 


9. 5773407110.4226593 


578866 


579247 
9.57902 


9. $777220[10.4222774 


«+5781043{10.4218957 
9. 5$784858]10.4215142 


10,42I1331 
10.4207 521 


110.0287916 
110.02883 92 


10. 0286965 
110.0287440 


t0.0288868 


10.0289 

100285858 
I0.0290299 
10,.0290777 
I0,.029I256 
10.02 91 73 5 
10.029214 
10. 0292694 


10.0293 174 
10.293654 


19.421109 
10.45 19700 
10.451641 , 
10 4755575 
10.450 

124288195 
10. 4503065 
10.449973 
15.449648, 
10. 4493084 
19.4439763 


10.4177136 


{I0,029509 


10. 4486444 
10.4483 129 
10. 4479816 
10. 447650 


10.4473199 


10.929413 5, 
[0.029461 


I9.0295581 
10.0296063 


9.5820651 


583043 fro. 41695 


19.415755 


5834217110.416578;3 
«$83 7997110.4162003 


| Tang. 


10. 41 58226 


| 


10.446989; 
10.4466 59 
to. 4463 29 
ro. 4460001 
10. 4456708 


1. 0296540 
o. 297030 
10.297514 


10.297998 
10.029848 
| 
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le Artificial Sines, 
| 21 Degrees. 


wn Sine. | Tang. 5 Secant. . 
888777 (9:5841774[19:41 53226] [10.0298483 ire 


— 


19. JN «58 10.4154451| [10-029 10.445 zA; 
19.5540 581.9701032 P-· 5845 545 4453419059 
2 . 5849321 10415855 [72:2299453110-445013215 


319.5553 152[9-9700061] [9.585 3 091]10-4145gog [10-0299939]10.4446848'57 

49.555643 9-9099574 3856850(10-4143141 19.300426 4 56 

195 8 586062 4119-41393 76] L. 12913 
600. 7 969 


5964386 3850 10.413 5614 10.0301 400 10. 4437013 74 

100301888010. 4433741/53 
e 10.443047 1052 
10.302864 f0. 442720451 
10.0303353110-442394 59 
10.0303 84210. 44206794 
10. 03043320. 4417421048 
10. 30482310. 4414165047 


10. 0305313 T0. 4410912046 
100305804 10. 4407662045 


10.0399291110.440441 5/4 


9.587 5660 10. 4124340 
op. 5 576060/9.9696647] i9. 587941 3]19-4120507 
Tilg:55703 2119-96961 589.5883 163110.41168 

193 7 
IZ 5582579 966 565 9.588659 12 10.4113 
319.5 58583 519-9695 177] 9.589057 /f. 4109343 
14.5 5890889. 9694687 9.85345 10. 41055 
145.5892338 .8594 95 —.— 142 
1019-5595 58519-9693 704] 9590188701049 877 — 2 
179.5598829 9.9693 2129. 59056170. 4094383 to-. 30678810. 4401 1710430 
'9- $9093 51110.4090649] [19-0307280110.4397929/ 42] 
919- 56053 10/9-96922 2.7) 19. 5913082110.4086918| [10.0307773 [10.4394690/41 
$26|9-56085 4619-96 '9.5916812110.4083 188] [10.0308266110.439145 4/4 
219.5617779 9. 969 1240.592053 9/10. 407946110. 03087 59 10.4388z2 1]; | 
29-561 50109. 96907 46; 19+ 5924263110.407 5737] [10.03092 5 10. 4384890 
319- 561823 7]9.96902 525927985 [ro 4% g to. oʒ ou. 4381763 3 
148.562 18. 9589267 82817725 10.20 ugs 10.03 024 | 10.757875 3 
258.4885. 589282 (9-593 542 5$110.49645771110-03 1073 8119-437 531535 
2619+ 5027904199 74 9- 5939138110.4050862 I0.03I1234j10.4372006 34 
2.719-563.112 1/9-9688270! F. 5942851010. 4057 149 [10.0311730 10. 436887933 
28.563 433 5(9-9687773] [9+5946561110.4053439] [10.0312227[19.4365665|32). 
2955637546 98872761. 59 506910. 404973 10. 9312724 10. 436245431 
29+ 56407 54.280779 (9:595397 5$]10.4046025| ro. 0313221 10. 4385924730 


Sine. it. Tang. - ef \Secant. % | 


68 Degrees. 


o 
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— — 


Lagents ant Secants: 


—_—— 


; 21 Degrees. 


u Sine. |  ||Tang. \ Secant. | 
3219. 56407 5419-90 86779 2: $9 L3O2S 10.404025 | 10.03 1322/10. 4359246 
3110. 5643 96019-9686: 81595767910. 404232 110.03 13719 10:43 56040 
32 DIGG 96857 83 9.59613 8010. 403862 00-07 28. 4857 
33|9.5650363|9-9585284| P. 596579 f0. 403 492 1 [10.03 147 160.4349637 77]. 
349.5653 561 n 9. 596877610. 403 1224 fo. o; 15215010. 4346439 rx 
33 2. 5050750 9.5972470 10. 4027530 10,.0315714j10-43 43244 
369.5659948 9.9683 786 9.597 516210. 4023 838 [10.03 162 1410.434002 
379.5663 13 79.9683 285.5979852 fo. 4020148010. o; 167 1 5010. 4336863 
3809. 56663 24 9. 96827840. 5983 540j10.4016400]]10.0317216110.4333676 
3909. 5669 5089.96 82283 9.558722 510.4012775 10. 03 12717l0. 43 30492 
40 9.5672.689 9.9681781 9.5990908|10.4009095|[10.03 18219 10. 4327311 
419.757 5868 9.9681279 P. 599458810. 400541 I 10.0318721110.43z4132 
42 9. 5679044 9.9680777 19. 5998267 10. 400173310. 03 1922310. 4320956 
4319. 56822179. 96802740 - 001943 10. 3098057 fo. o3 1972 
4409.568538) 9.967977 10. 6005617 10. 399438310. 0320229 
56885 5 59.979267 |[9.c009289110.39907 IH [10.032073 3Jl0. 
556.5691711 5.987876; . 60 1295800. 3987042 10. 032123710. 08270 
4719. 569488; 5.96782 5 9.601662 5[10.3983375 160331734 I- 13 7 
489.5698043 P- 9677753 [9.6020290 10.3979710| [10-0322247110.4301957]12] 
49]9-570120019-9077247 9-6023953 10. 397004 [10.032275;110.4298800|11]-- 
$o[9.57043 55[9:9676741] 8713 10. 3972387 [10-0323255110.4295645; 
519.5707 5069.967623 5.03 127 10f0. 3968729 ff. 0323705 10.429240al 9 
5249. 5710656 9.967 57789. 603 4927 10.398507 10.0324272 
539.5713802. 9675221038581 10. 3961419 [0.032477 m0. 
54.57 169 46h. 96747 130 P. 422; 30to· 3957757 l0. 32528710. 
259.5720007 9-9674205119.6045882 10.327418 [19.0325795110:4279913] 
56[9. 5723 22619-967 3693] {[9.6049529110.3950471 10.0326303[10.4276 
9.572.636219-9573 188 9.6053174 10.3946826;110.0326812 . 
9.572323 9. 96726799. 60568170. 3943 183 10.03 273211t0. 4270503 
2609. 9672169 9. 6060457 10.393954 10.3 2783 110.4267374 
9.373774. 2. 2.3884 [10:0328341110.4264246 


Sine. Tang. Sccant. 
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68 Degrees. 
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1 | A Table of Artificial Sines, „ 
1 22 Deprets. 
1 2 J. 


1. Sine | [ Tang. 


1-25:5735754 29571559] |9:6064090 £ 246 
15.578880 9.567 1148] [9.606773 2|10.3 932268/[10.0328852 10,4261120 


r 


10.393 5904 I0.0328341 10.4264246 


60 


| 120 
| 219. 5742003|9-957063 7] . 7138C 10.392863 4 10.119873 10-42 57997 580 
39.5745123 9.967025 F. 5074997 to. 392 5003 Ito. o3 29875 10. 4154877 571 


419. 57482 4919-9659614] . 60862710. 3921373 [10-03 30386 10.42 51760 56 


9.57513 56199669101] {9.60822 54 
| G0 57574009-9005588 .6085 10.3914120, [19-0331412 I0.4245 532 — 
| 


99.575757 9.966807 5] o. 6089 50310. 39 10497 [10.033 192 f 10. 4242422 


189. 5760683 9.9667 562 5093124 ro. 3 906876 0. 0332438 10. 4239315 
| 919.5763790(9-9667048] . 095742110. 3903 258] fo. 033295210. 4236210 
109. 576689219-95665 10. 38996410 [19-0333 467/10.4233108 


—.— 22 — 
| 9.6103973|10.389602 7 I0.0333982|[I0.4230009 
1209. 5 7308819-9665 53] [9.6107 586|10.3892414] [19-033 4497/0. 4226912 
1309. 5776 183.9664986 [o.6111196[10.388880 10.033 5013104223817 
149.5779275 · 9664471 ae en 0003333429 10.4320725 
[1 519. 578236alg-$6639 54] [9.6118409/10-388r 591] [19-03 36046/0r-4217636 
11609. 57854 5019-9963 437] |9.0122013|1043877987 nero 


— „12 A —_ _ 


179. 578853 509. 9662920 [9.612 5615|10.3874385] [0.03 37000. 4211465 
| 1857916129662 402 9.6129214 10.3 870786 fo. 033759 10. 42063844 
| 34 9.6132812 10.386718 10.03 38116 10.420535 
109.5797772 9.951360 [9.5136407[19-3863 593] [19:93 3863 5]10.4202228 
12119. 58008 59. 9660840 [9.6 f ,0000]10.3 5600009] [10:03 Z9I54[10.4199155 
122 ——— 9.96603 26 9.6143 591119.385640 110.0339674 — 

12309. 58069859. 96 59806 PL" 10.3852 20) 110.034019 

12499. 58100 529.9659285 9.61 50756 fo. 384923 10. 0340713 
2 59. 5813 1169.958764 [9-61 54351 10. 83845649} [10-0341236 
269.5810177 9.96582 43 9.6157934 10.3842 000 I0.034I757 
2719+581923610.9657721 9.6161514 10.3833486 10.03 4227910. 
289.5822292. 9657 199 h. 6165093 [193834907] [10-03 4280110. 
lags · 582 53 45 · 9656677 h. 6168669 10.383 1331 10:0343323 
47 


]zo|9-58283 9719.96561 53 —_ (0.3827757|[10-0343847]rc 
| | Sine. Tang. | | 


67 Degrees. © 
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— — 


e 224 Secamts. 


22 Deprees. 


Secant. 
10*0343 847,10.4171603 


10. 5344370 * 


n 


10.034541 


10.0345943 
10.03 46468 


10.03 +4894 


50.416 £9509 
I0.4162465 
I0.4159424 
10.41 56385 


10.03 45994 
I0.0347 520 


10. o3 48047 


100348574 
10. 0349101 


10.415333 49 


1041442 55 
190.4141229 


10. 0349029 
10.03 50157 
10.03 50686 
10.03 51215 


10.03 5174410 


10. 4138205 
10.413 5184 
10. 4132165 
10. 4129149 
10. 4126135 


10.03 5227 
10. 21 


10.035333 


5 
110.03 420 


10.03 5439 
19.03 54931 
10. 03 55463 


10.03 55996 
10.03 56530 


10.03 57063 


10.412312. 

510.4120115 
10.41171 
10. 4114104 
10. 4111103 


10. 4t05 107 
10. 4102112 


10. 47108103 


21 
20 
ig 
18 
"I 
IC 
ty 
140 
13 


10. 4099120 


10.4096131 


10.03 58132 


| 


Sine. Tang. 8 
2. 8781 22772345 10.3027757 
3119-583 144519-965 5630| [+617 5815 18.384785 
329. 785747 . «9655106 6179385 10. 3820615 
3319-58 837535 5654582 [9.6132953 5 
45.75 84057609. 9654057 9.6186519110.3813481 
3412-5 84361 509.9653 532 9.190083 10. 3809917 
3609. — 0.96 53006 6193645110.380c 10. 38063 55 
375˙ 8756865. 565 480 Pb. 817207 10.3801 55; 
360.5852710. 81873 -6200762(10.3 799238 
399. 9. 5B5 5745 565 — 5 —— 18010. 3765682 
2 385877 19. 8 . 7210. 3792128 
119-5851 79519-96503 71] (9-0211423]10.3 788577 
129.5864 bicß 9.049843 [9-621 974110.3785026 
L119. 58578; 519-96493 14] [9-621 52010. 81480 
43 783 5+9049314 37 
44.587085 10 6678765 9. +0222066110.3777934 
4512: .587386519-9 6482 56 9. 622 560g 10.3774391 
469. 587587519-9347726 9-G2291 5010.3 10.3770850 
(79-59 5879885[9-9647195| [9-023 2690 0.370731 
48. 588289219-964666s 6236227 103763773 
499˙588 5890. 9 646133 -6239763110.3760237 
509. 5888897]9-964 5502} [9:0243296110.37 56704] 112 
715. 58518576 9. 9645069 o- 6246827 10.573875 
529.5894893 99644537 P- C2503 38 J5 3749644 
5358978889. 9644040 [9-62 53884110.3745110] 
549+ 5900880 9043479 +62 57499]30-3742591 
| 5512: 599386919-9642293 7] [:62<0932]10-37390681 70 
12 . 96419068 0264454119-373 5546] 
57P· 590984 8] [9-6267973[10.3732027 
580.59 128 * — 6271491010. 3728509 
59p-591 5803þ.9640797 9.62.75006[10.3724994 
6oÞp- $918780[p.9640261] [9-6278519] 0.372.1481 
Sine. Tang. 


10. 03 575980. 4093 144 


4090155 


10.03 58668010. ; <p 
o. oʒ 35920310. 408419 
19.93 59739110. 4081220 


| Secant. 


67 Degrees. 


— 


LY 


— ̃ — — 


rr 4 Table of Ar tificial. Sines, 


23 Degrees. 


«a4 A. — IE 


Sine 
9-591878019.9649201 
9.592175519-9639734 
9. 592472$9.963 9187 
9. 59276989.9638550 
9.593066 9.9638112 
$593303119.9637574 
9.59365949. 9637036 
9.593955 9-9636496 


9.963 5417 
2288127 
3-9034339 
9-9033795 
9.933253 
9.90327 L1 
9.963 2168 
9.9631025 
9.963 1082 
9630538 
Lolo. 5974897 9-9629994 
2012.5977827 N 
21 9.59807 540.9628904 
22 5 3083586 96283 58 
239. 598660209. 9827812 
24.5789 52309. 9627268 


5945469 
9. 5948422 


$£249-59 54322 
I.3 9.59 7 ⁹ 
45960212 
8 63154 


9.926174 
; «59953 5719-99207 

127 5.755877 0.962 5624 
289. 600118109. 962 5070 
429. 9 - 4527 
5 — 


Sine. 


5543 513.5635957 8.898576 


58884415202 —4 


9513078 


| 
10.3721481 
10.3717909 
r0.3714460 
I0.37T0952 
£0.3707447 
10.3703943 
10.3700442 
10.369694 
10.3693 444 


10. 3689948 
10. 36864553 


9.027859 
9.628203 1 
9.6285 540 
9.628904 
9.291553 
9.629605 


6299558 
9.303058 


Tang 


9.63 1005 
2.63 13545 


9.63 17037 
9.0320527 
9.5324015 
9.632750 


10. 3082903 
10.3079473 
10.3675985 
10.3072499 
9-533 0985]10-3066g015 


3.6334450110.3505532 
1 10. 3662052 
9.6341426110.3958574 
9-63 44903 10.3655097 
9.6348375110.3951022 
9.63 51850010. 30481 50 
9.63 5532 1110-3644679 
9.63 58790110.3641210 
9.63622 571193637743 
9.6365722 10.363 4278 
9-5399183[10.3630815 
9*6372646110.36273 54 
9.637610. 3623894 


9.6379563 
9.638301 9.0. 3516981 


Secant. | 


19.03 5973910. 4081220 
10. 036027610. 4078243 
10.03 608131T0. 407 5272 
10.036 3 501. 4072302 
10. 03618881. 4069334 
10.0362 420010. 4066369 
10.0362964 c 
T0.0363 504 
10. o3 24943 10.4957487 
I0.0304583|10.4054531 
10,2305123110.4051578 
10.0305664\;0. 4048627 
19.0369205110.,4045678 
I 0036674710. 4042732 
10.0367 2 89 
10.036703 2. 4035846 
10.04683 75110.4033 907 
10.036891 10. 403090 


10. 4080445 


10.03 7000 
10.03 70551 


— 


10.037 16 
1163) 2183 


10.037437 
10.03 749 


10.037 5473 


ro. 4998819 
10.459 5910 
10.299300: 


IE ug 


Tang. 


19.03 76022 


10.4003 40065 


0.4939788146 


10.9359462!1 0.402003 5 — | | 

10.40 3103041 
10.4021 75140 
10.037 1090 10. 401924039 

10.4016321z;8 
10. 40133980; 
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9.87 55365]10.124463 5 
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1 9.779030 9.90225 15577377 10.122 2 10.0977 10. 220309459 
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10.1113614 
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"= 


416.7919168. 8 49453 8989714 10. 103 Do. 105054710. 208083 2044 
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9.9186769|10.081323 1 
551857 40[10.087066 

9.919191 10to. 80808 
9. 91944810. 0805519 
[9.919705 1j10.0802945 
9.919962 1[19.08003 7 


9.9176383110-0823517 
9.917905 Ji o. og 


945 


* 
— 


Secant. 


—.__ A... 


10.1 Iz 5939 


10. 1126981 
10. 1128023 


10. 1129066 


10. 1130110 
10.1131 154 


10.1903 303 
10. 1961832 
10. 1960301 
10. 95877 
10. 1957243 


10.1136} 


9.4 74546 


| Sine. 


154 ˙8845717 


9.8842 540 


9.9 220170010. 077983 
9.9222737110.077 7203 
9-9225304[19.077 4996 


8-923 557 


95727871 10.77 129 
9.92 3943711 ,769 563 
9. 9233004 to. 0766990 
10.0764 30 


10. 1132199 
100.1133244 


3H. 1134290 
10.113 5337 


10.195571 


10. 11395 


10.1137432 
110.1138481 


30 
10.114005 9 
10. 1141630 


10.1943 52 
10.1042008 


[0.1145 


10. 1142681 
10. 4143733 
Io. I 14440; 


he 


10. 1146891 


10.194040 
10.193897 
10. 1937456 
19.193 5940 
100.1934425 


[ 


9-923813 5110.0761865 


Tang. 


10.T147945 
10. 1149000 
10.11 50055 
10. 1151111 
10. 1152168 


10. 1153225 


10. 1154283 
| 10.1 155341 
10. 1156401 


12.1124. 


10-1964895| 


2 
10.195418 23 
10. 195266422 
10. 19511391 
10. 19496 150 
10. 19480927 
19.194557018 


1 
17 
v6 
15 
14 
13 
12 
11 
1 


10. 1932911 
10. 1931398 
10. 192 
10. 1928374 
10. 1926804 
10.192535 
10. 192384 
10. 192233 


10. 192083 
10. 1919323 


U 


— 


—. 


( 


| Secant. s 


50 Degrees. 


”- 


Rx r 


mn. 


UI 


"ns 


—_— 


A A Table of Artificial Sines, 
40 Degrees, 


— Tang. 1 cant _ = 
"| —_——_—— - | 12 042251 5 10.0761 5 19. 1157460 100.1919325 Ok 
8 38567 e ee eee 2 


841 4799.92 40%. 07 5 ο 11 58521019. 1917820059 
z o. 808568 4084 9. 9243 26610. 07 5673 410.1159582 r 58 
* 88393 57.924583 100. 754169 10. 11606430. 1914812057 

4 8838294 9.92483 6e. 055 160410. 1161 70f0. 191331056 
1.808819 2-8837232 9,92 3096010. 97494019. 11 827689. 1511808) 55 
15 989852. 885010 9.9253 5241 5.0746 10. 1163832 to. 191030854 
mo Ip 226088 PP lip ths 19,1164896 10. 1908 8 531 

8 o. 80926919. 883 4039 ·92 586 5 f. 0741348 10. 116596 10l0. 190730952 | 
5 88 9.926 12150. 0738789 10.116 o 2610. 1905811051 
a ; | 9:9263778010.0736221 10. 1168092 10.1904314,50 

IT 0 3007 18219.8830841 10.716g1 59[10-15902840145 
8829774} [9-9268904[(0.073 10H. 1170226 L0.I901322\48] 
10. 11712940. 189982804) 

10. 11723620. 1898334046 


(:5Þp.81031599 Le | 
116.81046505.582 545990) [9-92791 52r0,0720848[10-1174501]10.18953 50144 
12.8100 141.8824428 9281713 100718387 10. 117557200. 1893859043 
1189.810763 109.8823357 P. 928427410. 0715725 10. 1176643 ff0. 1892369042 
19.809121 98822285 928083 flo. 0713 16510. 11777150. 1890897941 
20 9.81 10609. 882 12130. 9289396110. o) 106041. 1178782 to. 1889391 40] 
210.81 1290900. 88201 o 929195610. 07080 _—_ 9860 10. 1887904 39 
22.81 1358309. 8819067. 9294510 ap 10. 1180933 CO. 1886417038 
23.81 1 505009. 8815992 o. 2970.729241. 1 182008 10. 1884941037 
24 0.81165 549.8816918 p. 929963610. 8410. 11830827. 188344636 
25. 81 18038 9. 8815842 . 9301193 ale 10. 11841 58 10. 1881962 35 
2610.811952119.8814765| [5.5 55 fo. 069 524510. 1185234010. 188047934 
27 ns + bs 10,0692686|| 10.1 186311 10. 187899733 
«93 09872110.0690128 we > 10. 1877516032 


28. 8122484 8812612 
531243 10. 0687 569 fro. 1188466 ff 0-187603 531 
e 109.1189545 19.187450 30 


299.81 2396 59. 8811534 
Tang.“ Secant, | 


—. 
— 


— 


30 . 8124449 - 8810455 


- | Sine. 


49 Degrees. 


Tangente, and Secants. 


40 Degrees. 


Sine. * 1 


9.812 


9.812 7 


9-B125444/9-8810955 
9-81 26923 9.880937 


019. 88082960 
9.81313 549.880 


6 


8143 13 1.879746: 
98796375 
5718-87 


© 
© 

I 

\o 
* 
O 
MN 
— 


9.3790930 
9.8789840 
98788748 


9.8807 215 


— 


95287 


— 


— re renee 


9.787656 
9.878656; 


9.8785470 
78 
$9.8784375 


9.8783281] 
535095. 782185 


9.8777799 


_ 


2.931489 10.0685 
9.9317 5471.682453 
2-93 20105]t0.067989 5 
2-93 22662}10:06773 38 
9.9325220}10.0674780 


9-933 5$440}10.0664 5 54 
9.933800 
19-93405 59fIo.C65g441 
9-9343 1140.00 508 
9.93 4567010. 0654330 
9.934822 5j10.0651775 
9.93 507 
| 12-935 
1375 
9.93 184 
9.9360998}10.c63 O 
9-9303 552;10.0636448 
9.936105 19.063 3895 
555368659 15863134 
9.937212 10.829768 
9-9373765,19.06262 g5 
9.9376 
2222 


| 


rn 


Tang. 


10.0665 110 


10.661 997 


Secant. | 


| 


19.1189 545 10.18745 5 


10. 1192785 
10. 1193860 
10. 1194948 
10. 1196030 
10.119711 13 
10. 1198197 
10. 1199281 
10. 1200366 


—_— 


— — 


3 5 10. 064656; 


10. 1201452 
10. 1202538 
10. 120362 
10. 1204713 
10. 1205801 


101104 101873075 
10. 1191704 


10.1871 59g 


10. 1870122 
10. 1868646 


10. 186 5895 
10. 186422 
10. 18627 5 
10.186127 


10. 18583 2+ 
10.185688 

10. 185 54 
10. 1853933 


to. o6441 11 
10.0541 5 56 


10. 1206890 
10. 1207979 
to. Iz goyc 
10. 1210160 
10. 1211252010. 


10.0623 682 
10. 0621129 


( 
71 


Sine. | 


9-9361423 
9-9383975 
9. 2336527 
9.93 89079; 
949391631 


I0.0018577 
10.061602 5 
10.06 13473 
— 


101212344 
10. 1213437 
100.1214530 
10. 1215624 
10. 1216719 
— 
100.1217814 
10. 1218910 
10. Iz 20006 
10. 1221104 
10. 1222201 


10. 608369 | 
Tang. 


9 12 


97124 
3123 


= 


22 


17 
16 


765] 7| 
10. 1839306 


10. 18 7847] 
—— | 


49 Degrees. 


Rrr2 


_—_— 


— — 


* 


Table of Artificial Sines, 


— — 


41 Degrees. 


Sine | 
16942919.8777799 
9.81 7085249.8776700 
9.817 23349877 5601 
2 
27523 59.8773 401 
E. 2847286826. 15 
6 9.81781 38.8771198 
| 719-817958119.8770095 


| 
E 
i 
þ 


3 
v 


M 
1 
2 
3 
4 
5 


959.8182474. 876788 
8 8766785 


18.819273 876045 
2P· 8912.87 59036 


| '9.93 94182[10.0005515 


8772300] (9. 


09.818102 9.876899 z 


8755706 


— 


Tan g. 


IISecant. 
Dr 10 


9. 939673 300.0603 267 
p : 918. 10.600716 


9.942482 0.057 5218 
9942733 1]©0-057266 
9.942987gþ0.05JOILL 


— —äÜWjWÿ᷑ 


9-9432428110.0567 572 
 19-9434976[l0.056502 
9-943 7 524|10.056247 


| 159] 30014 
—— D 
1123985 5ff0. 1807427 

10. 12 409640. 18059 — 
10. 1242073 f. 180455 , 
10. 1243 184010. 1803 112 

10. 180167504 


— ————— 


- nw ah. Ltd _ Ma — * 


11 


8749027 
0747912 
8746795 
7P- 8745679 


10.0542 100 

9460447 10.0539553 
9-9452993[10.0537007 
9.94655 3910. 0534461 


E. 2188401. 1916 


Sine. 


— — 


Tang. 


48 : Degrees. 


ILangente and Secants. 


41 Degrees. 


.321550 
33 


9.8226 


— — nes 


44 9.82323 55 


9.823 5388 
47 5.82366 
4 9.8238213 
49.823952 
50 9-8241037 


Sine. 


Tang. 


2-8212646 9-87 44 501 
8214073587 
ii 9.423175 
821892000. 8241205947 5720.052480 
3419-32 183 5100. 87 40083 9478265 
PE. 81922-82890 eee 
- [z6]p.82211989.57334844] '9-9493355 
3 719-8222621]9.8730722 
2 8[9.922404219.873 5 599þ{9-9488443 
9.822 5493 9-873 4476 
319:87333.52 


— — —_— 


98228302 98732227 
429. 82297 210.873 1102 
4319-92 311138[.8729976 


9.872884 


45 y-82339711.8727722 


99458045 


I0.053Ig91C 


| 


9-947093c 


— — -. 


59485899 


9. 9490987 
* 2483 531 


10. 05293 7c 
10. 0526825 


10.0521735 
10. 0519190 


| 


Secant. 


10.1255429\10-17873 546 
10. 12565 57 to. 17859 . 
10. 12576650. 17845008 
10. 125879510. 17830 hf 
10.125991; 10. 1781649 EG 
10. 126103 510. 178022 5] 5 


I0.0510045 
10.0514101 
100.0511557 
100.0509013 
10. o 506460 


10. 1262150010. 177880214 
10. 1263278010. 17773703 
10. 1264401010. 17759582 
10.1265524[10.1774537Þ 
10. 1266548010. 17731 1720 


9.949075 
9.94986 19 


8726594 
oc. 872 5466] 


8724337 
8723207 
98722076 


10.050395 
10.050138 
9. 95011620. 0498838 
9.9 5037050. 0496295 
9.95002 48910.9493 752 
9.950879 100.5491209 
bots 10.0488665 
9.9513876[10.0486124 
| [9-951541510.0483 581 


9-9518961110.0481039 


10,267 773110-177 1698 
10. 126889 110.1770279]18j-. 
19.1270024|10.17 76802]17 
I0.127IISI110.1767445]1 
10. 1272278010. 176502 5,1 


10. 1273406010. 1764614 
10. 1274534ʃT0. 1763 2001 
10. 1275663 


10. 1761787 c 
10. 127679310. 1760374 
10. 1227924010. 17 58963 


9.952912 
9.953167 


9.9544 


9-9 521503110.0478497 

9-9524045110.0475955 
9265870. 0473 

10.0470 

o. 04683 30 


— 5 


9-95 342 11110.0405709 
119-9530752 10.0463248 
9.9539293[10.0400707 
9.954183 f. 0458166 
10.045 5626 


372 


110.1279055 101757552 


10. 1283 586 10. 1751917 


10. 128018713. 1756142 


10. 1281319 10. 1754733 
10. 1282452 


19.12847 2110.175051 
10. 128585610. 1749104 
to. 1286992 
10. 128812810. 1746295 
10. 128225510. 1744891 


Tang. 


Secant.. 


48 Degrees. 


A Table of Artificial Sines, 


42 — rees. 


E 
110.0453085 
10. 0450545 
to. 448005 
10.445463 
to-. 442929 


9.944274 
9.9546915 
809-9549455 
9.9551995 
9.9754535 
99157075 


319-82 593 14%. 8707319 
49.826071 5. er 179 
88288858 92828 - 


Secant.| 


10.1289265 19.144891 
10.1290403 10.1743 5505 


10. 1291 54210. 4208 

0. 1292681 Io. 1575680 
10. 1293821 ro. 1739285 
10. 129496 1010. 1237880 


69.8263 512 
1 79.826491 . 890375 
89. 8267706 70¹6133 


105.0440385 
10. 043 7845 
10.043 5307 


10,0432707 
19,0430228 


ro. 0427689 
10.042550 
10.0422611 
10. 0420073 
9.254671 3.417535 
9758500410419 
23-9587 542110.0412458 
9-9 590080!I0. led 
3-9592618|10.040738 
9-959515$110-0424945| 
FLARE, To. 5 
.9000230119.0399779 
9.9602767[to. 9397233) 
3 9905305 10.03 946 95 
9-9607842110. ds 
9.9610378 
I” 


8757856 5.955985 
9.952154 
9.956494 
9.9567233 
998999 
. 9.955723 11 
99574850 
9577389 


— 


ee TO 5 852920 


-8276063: 


| 1009. pins 
1x 19+ 8.8855. 


Aro 8781619. 8589002 
120 . 2.868785 i 
3 029. 9.868570. 

5. — 5736 


1 — 


25 2913129 5 


—_— a 


—_ 


Io. 03 17 
8. 228 


Tang. || 


— 


* 


10. 129610210. 1736488 
[0.1297244{I0.173 5090 53 
10. 1298387T0. 1733693 
10. 1299530110. 1732297 
10. 1350674 10. 1230901 


2 


37 
56 


55 
54 
4. 
51 


— 


10. 1301818 
10. 1302963 
10. 1304109 
10. 13052561 
10. 1306403 
10.130 


8 Ho. 1308599 
10. 1309848 


19.1312149/10. . 171699 


10. 1729507 9 
10. 172811348 
10. 1726721047 
10. 1725329046 
10.1723937145 
3555 10472254744 

10-17BI157) 43) 
I0.1719769| 42 
NN EA L0.1718381]41 


49 


10. 1313300 

10.13 14452 
10. 131560411 
10. 13 1067 58010.1711453 


110.13 17912/101710 T 


5 10. 17 1560720 39 
110. 1714222 38 
9.1712837 37 


38 


[10.13 1906610. 1708688, 34 
10. 13202210. 1707305 
to. 13213771T0. 1705925032 
1. 13225340. 1704546031 
10. 1323591010. 1703 167 32 


33 


F777 


cant. LY 


47 Degrees. 


Tangents and Secants. 


— 


2 * 


42 Degrees. 


. 


10 by 82.9683 3 
—— 


3109.829821 

329. 8299589 
3319-83 00966}9 
34 58302343 
3519-8303717 


21 


756 


Sine. | 


9. 8576309 
BI75I5I 
0073992 
672833 
9.867165; 
Set KEN 


9. 
9. 


3609. 8305091 
57 Sos 
3819-83 07 
3909. . — 
2 8310580 


41 9-83 11950; 


4419+ 85 16058 
4519: 8317423 


219-83 1332019 
Þ 9.83 14688'9- 


9.80093 5 


5119-8325 
535.8328331 


579.8333766 


589.8335122. 
599.8336478. 


409. 8668185 
7. 88670 
9.866 5863 
9. 8664699 
9.8663 534 
86623 
8661 203 
g9:8660036 
319.865 8368 


n.. 


b 


PL 
. 


69 


.8657700 
9.8656531 


865 1849 
529.8326978 0.86 50677 


852.811.8842 
5619.8332.408]9- 


: 


6009.833783 


| Tang. | 


PR 9-y020;25 25 


9623061 


9. 9573757 


9628133 


9.963066 
9-963 3204] 


5-963 5740! 
2538275 


964081 1 


99643346 
588 


552234447 


9678827 


9681360 

8883823 
«99260427 
9. 9688960 


5691453 


9694026 
£:209055911 


5110. 0118777 


5573785 
949079293 


10-03 7947 5 
10.0376939 


10.0374493 
10.03 71367 


[0.0369331 
10. 036695 0 
10.030420 
100.0361725 
10.03 59189 
10.03 50654 
10.03 54119 
10.03 51584 
10.03 49249 
10.346514 
10.343980 


* 
— 


Secant. 


iO. 1323691! 10. 1703 167 2 
10. 1324849, 10.1701788 
10. 1326008, 10. 1700411 


10. 1327167 
10. 1328327 


— 


10. 1329480010. 1696283 


10. 1699334 
10. 1697658 


10. 1330649 
10.133 1811 1 


10. 1332974 


19.1334137 


10.133 5301/10-168 


10. 1336466 
110.1337031 
190.1338797 


101339964 
10. 1341132 


1.003 38911 
10.0336377 


10.035138 
10.0331 


10.03 26241 
to. o2 23707 


10.03 18640 
19.316100 
hy 0313573 

0.0311040 
10. 0308507 
10.0305974 


_— 


10.0321173 


10. 1694909 
10. 1693 536 


10. 1692163 
10. 1690791 
10. 1689420 
10. 10.168850 
10. 1686689 
10. 1685312 


10.168 
39 
10. 10.1584 570 


10. 1342300 
10.1343 469 


10. 13 4403810. 16784 
10. 13458080. 1677117 


10. 13 46979 


23 — — — 


10. 1348151010 
10.134932 
10. 13 50490 
10. 1351069 
[0.13 52844 


10. 10681211 
IO, 1678837 


19.167 5754015 
10.674391 
10. 1673030 
10. 1671669 
10. 1670309 
10. 16689 50 


. 135401 

10.1355194 
10.135537 
10. 1357548 


ee 
Tang. 


to. Fl. 25 


10. 1667 592 
10. 1666234 
to. 1664878 
10. 1663 522 
to. 1662 167 


Secant. l, 


47 7 


1 


* 
7 0 2 a hm e * „* 3 —_— ** 
7 


— CEC 0 " 


| Eons 4 Table of Artificial Gives, | 
1 555 43 Degrees. = 5 a 
M| Sine | oy (l Tang. | 


"0'9-8337333[9-2641275} 19. 33555 
109.833 8745.854857, 9. 9899091 
| 219-8340541]9-3638917] b. 9701624 
— | 3|9-8341894Þp-5537737] [9-97941 5711 

| 49-8343 24519-96365 57] !9.97066Bg[ 19. 


4 


| 

S NR 
10.13 59904[10.1660812|55 
10. 1361083 10. 1659459 58 
10. 1382263 10. 165810605) 


10. 1363 443JT0. 16567 5456 


8 


52.834472 23-863 5376 etl 10.1364 24 I0.1655403 55 

| 69.83 4594615934194} |9-971175 10.83655806|10.1654n52] 54 

NN tak 9.86330L1 0214508 10.1866989 2 +: 

309.8; 486449-863 1828] [9.97 16818 10.568120. 165133402 

5 95.849904 9.863 0644] |9-97193 50 10. 13693 56 10.165080 51 


10. 137054 0. 164865950 
10. 1371720010. 164731240 
10. 1372912010. 1645967 


109.8314889 Pb. 222882019 
| 1719-3 $2689]9-862827 416.972.4473 

| 12/9-83 5403 P- 8627088 [9.9726945 

{13 9.8355370 9.862 5902 99729477 I0:13740g98/10.1644522 47 
149.83 5672 2[9-8624714 9.9732018| 10. 137528610. 1543278046 
150.8888882 [9.973 4539 19.0265461][10.1376474/10:164193 af, 
1 5940898622338 5.973707 10.026292. 137756210. 1640591 


— — 


| 44 
11719. 83607 509.862 11480 [9-9739602(10.0260398] [10.13 78852/10. 16392 2 
III o. S3 8209 1p. 86199 5180.7 1330. 02 5786 ro. 1380052 i — 
19 9.8363431 9.818767 9. 9744664 fo. oz 55336 10. 1381233 10. 1636569 40 
109.8364771 8617576|[9-9747195]10.02 52805|110.1382424/10.163 5229 
719-8366 rogſ9-8616383|[9.9749726|10.0250274][10.138361r7fcr6; 3891 
1: 219-8367447|9-8615190[ 19-97 522 57[10.0247743 ©: 135481 10. 1632553038 
| 8 119.8613999 oli ang te: L0.1300003]I0,I6312 162 - 
I 9757 318]r0.0242682]]ro(1387197 10. 1629879036 
0.83 71456|9-8611608| g. 9219849 [To. 02402 5110. 1388392 10. 1628544 
9.372791. 88610412 Pp. 976237910. 023762 10[to. 138958810. 1627705 by 
8609215 [9-9764909]10.023 50g1 [10:1390785|10.1625875 33 
54589. 8608018 P Hef. 231 560110. 1391982 10. 1624542Jʃ22 
6790860682 1|[9-976997<]ro.0z 300300. o. 1393 17910. 1623210 31 
10. 1394328ʃ10.162189 30 


.860562 21 [9.9772 500! I10.022.7500 0 

8 AT ang. || | © {Secant. * 
— — | * — 

46 Degrees. 


— — — 


"Tengen, and Secants. 


ee. 
— 


22 * . 


4.3 Degrecc. 


Sine. Tang. Secant. 7 
; 3a: +03 78122 E. 9-97 72399 T0.02z7500}|10.1294378/10.1621878 fe 
31 5.825485 9-5004423] [9-977 5939, 15.022.497 iro 16205472 


— 
* — 


9.97 7560. ,10.0232440||19- 139677710. 1619212 
9.97 10.02 19910 10.135797 10. 161788 

9.978260 10.0217 80j119-13991 g{ToQ.4616g5 55 18 
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